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DESCRIPTION 
r LN/gT V t^Nl ! ! c!OPO fc¥t'^: £J[ZATIQN^ Am -B ROCESS FOR - 
PRODUCING OLEFIN/STYRENE COPOLYMER 



TECHNICAL FIELD 

The present invention relates to catalysts for 
copolymerization of olefins and styrenes, and to methods for 
producing olef in-styrene copolymers. Precisely, it relates 
to catalysts for olef in-styrene copolymerization comprising, 
as one component, a specific compound, and to inexpensive and 
efficient methods for producing olef in-styrene copolymers 
with the catalysts. 



BACKGROU ND ART 

Recently, metal locene catalysts have been developed and 
used for olefinic polymer production, which comprise, as the 
catalyst component, a transition metal compound having a 
7C-ligand bonded to the center metal element via a group. 

To exhibit satisfactory activity, however, the 
catalysts of that type require a large amount of promoters such 
as aluminoxanes and the like. Therefore, they are problematic 
in that the total catalyst costs are inevitably high, and, in 
addition, the catalyst residue resulting from the promoter used 
often remains in the polymers produced thereby unfavorably 
coloring the polymers . 



In that situation, techniques of using clay, clay 
minerals and the like along with the catalysts have been 
proposed so as to reduce the amount of the promoters to be used 
along with them (Japanese Patent Laid-Open Nos. 301917/1993, 
136047/1994, 164510/1997, 009206/1989, etc.). 

At present, however, ,even these techniques could not 
as yet provide catalysts having satisfactorily high activity. 

The present invention is to provide catalysts for olefin 
-styrene copolymerization capable of efficiently and 
inexpensively producing olef in-styrene copolymers, and to 
provide methods for producing olef in-styrene copolymers. 

DISCLOSURE OF THE INVENTION 

We, the present inventors have assiduously studied so 
as to attain the object as above, and, as a result, have found 
that copolymerization catalysts containing, as one component, 
a specific compound have improved copolymerization activity 
and therefore the amount of the promoters such as oxygen- 
containing compounds and others to be used with them can be 
reduced. On the basis of this finding, we have completed the 
present invention. 

The invention is to provide a catalyst for 
copolymerization of olefins and styrenes and a method for 
producing olef in-styrene copolymers, which are as follows: 
1. A catalyst for copolymerization of olefins and styrenes. 



which comprises: 

(A) a transition metal compound, 

(B) an oxygen- containing compound, 

(C) a compound of a general formula (1).: 
( (R^)3-X-Y)n-Z- (R^)m-n (1) 

wherein represents a hydrogen atom, a halogen atom, an 
aliphatic hydrocarbon group having from 1 to 30 carbon atoms , 
an aromatic hydrocarbon group having from 6 to 30 carbon 
atoms, an alkoxy group having from 1 to 30 carbon atoms, 
an airyloxy group having from 6 to 30 carbon atoms, a 
thioalkoxy group having from 1 to 30 carbon atoms, a 
thioaryloxy group having from 6 to 30 carbon atoms, an amino 
group, an amido group, or a carboxyl group , R^ ' s may be 
the same or different, and R^ ' s may be optionally bonded 
to each other to form a cyclic structure; X represents an 
element of Group 14; Y represents an element of Group 16; 
Z represents a metal element of Groups 2 to 13; R^ represents 
a hydrocarbon group; m is an integer, indicating the valency 
of the metal element Z; and n is an integer of from 1 to 
(m-1) , 

and optionally, 

(D) an alkylating agent. 

2. A catalyst for copolymerization of olefins and styrenes, 
which comprises: 

(A) a transition metal compound, 
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(C) a compound of a general formula (1) : 
( <rM 3-X-Y)n-Z- (R^)m-n (1) 

wherein represents a hydrogen atom, a halogen atom, an 
aliphatic hydrocarbon group having from 1 to 30 carbon atoms , 
an aromatic hydrocarbon group having from 6 to 30 carbon 
atoms, an alkoxy group having from 1 to 30 carbon atoms, 
an aryloxy group having from 6 to 30 carbon atoms, a 
thioalkoxy group having from 1 to 30 carbon atoms, a 
thioaryloxy group having from 6 to 30 carbon atoms , an amino 
p group, an amido group, or a carboxyl group , ' s may be 

the same or different, and R^ ' s may be optionally bonded 
to each other to form a cyclic structure; X represents an 
ft element of Group 14; Y represents an element of Group 16; 

^ Z represents a metal element of Groups 2 to 13; R represents 

M= a hydrocarbon group; m is an integer, indicating the valency 

of the metal element Z; and n is an integer of from 1 to 
(m-1) , 

and optionally, 

(D) an alkylating agent. 

3 . The catalyst of above 1 or 2 for copolymerization of olefins 
and styrenes, wherein, in (C) , X is carbon, Y is oxygen and 
Z is alxaminiijm. 

4 . The catalyst of above 1 or 2 for copolymerization of 
olefins and styrenes, wherein the compound (C) is a reaction 
product of <1> at least one selected from compounds of a general 
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formula, (RM 3-C-OR% r'-CO-R^ or R^-C0-0R\ with <2> a compound 
of a general formula, Z<R^)m. (In these formulae, R^ R^/ R\ 
R^ , R^ and R^ each represent a hydrogen atom, a halogen atom, 
an aliphatic hydrocarbon group having from 1 to 30 carbon atoms, 
an aromatic hydrocarbon group having from 6 to 30 carbon atoms, 
an alkoxy group having from 1 to 30 carbon atoms, an aryloxy 
group having from 6 to 30 carbon atoms , a thioalkoxy group 
having from 1 to 30 carbon atoms, a thioaryloxy group having 
from 6 to 30 carbon atoms, an amino group, an amido group, or 
a carboxyl group, and R'-,R^, R\ R^, and r"' may be the same 
or different, andR^R^, R\ R^ , and r'' may be optionally bonded 
to each other to form a cyclic structure; Z represents a metal 
element of Groups 2 to 13; m is an integer, indicating the 
valency of the metal element Z; and R^ represents a hydrocarbon 
group . ) 

5. A catalyst for copolymer ization of olefins and styrenes, 
which comprises : 

(A) a transition metal compound, 

(B) an oxygen -containing compound, and/or a compound 
capable of reacting with a transition metal compound to form 
an i oni c compl ex , 

(CI) at least one selected from compounds of a general 
formula, (R^)3-C-OR^, R*-CO-R® or R^-CO-OR'' (In these formulae, 
R^,R^, R*, R^, R^ and R^ each represent a hydrogen atom, a halogen 
atom, an aliphatic hydrocarbon group having from 1 to 30 carbon 



atoms, an aromatic hydrocarbon group having from 6 to 30 carbon 
atoms, an alkoxy group having from 1 to 30 carbon atoms, an 
aryloxy group having from 6 to 30 carbon atoms, a thioalkoxy 
group having from 1 to 30 carbon atoms, a thioaryloxy group 
having from 6 to 30 carbon atoms , an amino group, an amido group, 
or a carboxyl group, and R^R^, R^ , R^, R^ and R*' may be the same 
or different, andR^R^/ R*/ R^/ R^ and R^ may be optionally bonded 
to each other to form a cyclic structure.) 

(C2) a compound of a general formula, Z(R^)m. (In this 
formula; Z represents a metal element of Groups 2 to 13; m is 
an integer, indicating the valency of the metal element Z; and 
R^ represents a hydrocarbon group . ) . 
and optionally, 

(D) an alkylating agent, 
6. A catalyst for copolymerization of olefins and styrenes, 
which comprises: 

(A) a transition metal compound, 

(CI) at least one selected from compounds of a general 
formula, (R^)3-C-OR% R*-CO-R^ or R^-CO-OR'' (In these formulae, 
r\r^, R^, R^, R^ and r'' each represent a hydrogen atom, a halogen 
atom, an aliphatic hydrocarbon group having from 1 to 30 carbon 
atoms, an aromatic hydrocarbon group having from 6 to 30 carbon 
atoms, an alkoxy group having from 1 to 30 carbon atoms, an 
aryloxy group having from 6 to 30 carbon atoms , a thioalkoxy 
group having from 1 to 30 carbon atoms, a thioaryloxy group 



having from 6 to 30 carbon atoms , an amino group, an amido group, 
or a carboxyl group, and R^,R^, , R^, R^ and R*' may be the same 
or different, andR^,R^, R\ R^, R^ and r' may be optionally bonded 
to each other to form a cyclic structure. 

(C2) a compound of a general formula, Z(R^)m, 
wherein Z represents a metal element of Groups 2 to 13; m is 
an integer, indicating the valency of the metal element Z; and 
R^ represents a hydrocarbon group, 
and optionally, 

(D) an alkylating agent. 

7. The catalyst of any of above 1 to 6 for copolymer ization 
of olefins and styrenes, wherein at least one of three R^ • s 
is an aromatic hydrocarbon group having from 6 to 30 carbon 
atoms . 

8. The catalyst of any of above 1 to 6 for copolymerization 
of olefins and styrenes, wherein three R^ ' s are all aromatic 
hydrocarbon groups each having from 6 to 30 carbon atoms. 

9. The catalyst of any of above 1 to 6 for copolymerization 
of olefins and styrenes, wherein three R^ ' s are all phenyl 
groups . 

10. The catalyst of any of above 1 to 9 for copolymerization 
of olefins and styrenes , wherein R^ is an alkyl group having 
at least 2 carbon atoms. 

11. The catalyst of any of above 4 to 10 for copolymerization 
of olefins and styrenes, wherein Z is alxjminium. 



12. The catalyst of any of above 1 to 11 for copolymerization 
of olefins and styrenes, wherein the transition metal compound 
(A) is represented by any of the following general formulae 



(2) to (6) : 

Q'a (CsHs-a-bR'b) (C5H5-a-cR%) M'X^Y' (2 ) 

Q^(C5H5-a-dR"<l)ZWx'Y" (3) 

M^X^Y^W^U^ (5) 

L^L^M^X^Y^ (6) 



in which represents a bonding group that crosslinks the 
two conjugated f ive-membered cyclic ligands (CsHs_a-bR®b) and 
{CsHs_a-cR%) ; represents a bonding group that crosslinks 
the conjugated f ive-membered cyclic ligand (CsHs-a-dR^^d) and 
the group Z^; R®, , and R^^ each represent a hydrocarbon 
group, a halogen atom, an alkoxy group, a silicon- 
containing hydrocarbon group, a phosphorus -containing 
hydrocarbon group, a nitrogen -containing hydrocarbon group, 
or a boron-containing hydrocarbon group; and a plurality 
of these groups, if any, may be the same or different, and 
may be bonded to each other to form a cyclic structure; a 
represents 0, 1 or 2; b, c and d each represent an integer 
of from 0 to 5 when a = 0, or an integer of from 0 to 4 when 
a = 1 , or an integer of from 0 to 3 when a = 2 ; e is an integer 
of from 0 to 5; represents a transition metal of Groups 
4 to 6 of * the Periodic Table; represents a transition 
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metal of Groups 8 to 10 of the Periodic Table; and 

each represent a coordination-bonding ligand; X^, Y^, Z^, 
and each represent a covalent-bonding or ionic-bonding 

ligand; and L% X^, Y^, zS and may be bonded to 

each other to form a cyclic structure. 
13. The catalyst of above 12 for copolymerization of olefins 
and styrenes, wherein, in the transition metal compound (A) 
of formula (4) , the group (CsHs-eR^^e) is represented by any of 
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wherein A represents an element of Group 13, 14, 15 or 16, 
and plural A's may be the same or different; R represents 
a hydrogen atom, a halogen atom, an aliphatic hydrocarbon 
group having from 1 to 30 carbon atoms, an aromatic 
hydrocarbon group having from 6 to 30 carbon atoms , an alkoxy 
group having from 1 to 30 carbon atoms, an aryloxy group 
having from 6 to 30 carbon atoms, a thioalkoxy group having 
from 1 to 30 carbon atoms , a thioaryloxy group having from 
6 to 30 carbon atoms, an amino group, an amido group, a 
carboxyl group, or an alkylsilyl or aikylsilylalkyl group 
having from 3 to 30 carbon atoms, and R's may be the same 
or different/ and may be optionally bonded to each other 
to form a cyclic structure; a represents 0, 1 or 2; and n 
and m each represent an integer of at least 1 . 
14. A method for producing olef in-styrene copolymers, which 
comprises copolymerizing olefins and styrenes in the presence 
of the copolymerization catalyst of any of above 1 to 13. 
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BEST MODES OF CARRYING OUT THE INVENTION 

The invention is described below with reference to its 
embodiments . 

I. Catalyst for copolymerization of olefins and styrenes: 
1 . Components of catalyst for copolymerization of olefins and 
styrenes : 

The catalyst of the invention for copolymerization of 
olefins and styrenes comprises (A) a transition metal compound, 
(B) an oxygen -containing compound and/ or a compound capable 
of reacting with a transition metal compound to form an ionic 
complex, and (C) a compound of formula (1) which will be 
described in detail hereinunder, and optionally (D) an 
alkylating agent. The constituent components are described 
below . 

(A) Transition metal compound: 

Various types of transition metal compounds are usable 
as the component (A) in the invention, but preferred are 
transition metal compounds of Groups 4 to 6 of the Periodic 
Table, or transition metal compounds of Groups 8 to 10 thereof. 
As the transition metal compounds of Groups 4 to 6 of the 
Periodic Table, preferred are those of the following general 
formulae (2) to (5) . As the transition metal compounds of 
Groups 8 to 10 of the Periodic Table, preferred are those of 
the following general formula (6) . 

Q'a(C5H5.a-bR^) ( CsHs-a-cR^) M^X^Y^ (2) 



(CsHs-a-dR^d) Z Wx'y" (3) 
(CsHs-eR^'e) M^X'Y^W^ (4 ) 

M'X'Y'W'U' (5) 
L'L^M^X^Y" (6) 
wherein represents a bonding group that crosslinks the two 
conjugated five -membe red cyclic ligands (CsHs-a-bR^) and 
(CsHs-a-cR^c) ; represents a bonding group that crosslinks the 
conjugated f ive-membered cyclic ligand (CsHs-a-dR^^d) and the 
group Z^; R°, , r" and R^^ each represent a hydrocarbon group, 
a halogen atom, an alkoxy group, a silicon-containing 
hydrocarbon group, a phosphorus -containing hydrocarbon group, 
a nitrogen-containing hydrocarbon group, or a boron- 
containing hydrocarbon group; and a plurality of these groups, 
if any, may be the same or different, and may be bonded to each 
other to form a cyclic structure; a represents 0, 1 or 2; b, 
c and d each represent an integer of from 0 to 5 when a = 0, 
or an integer of from 0 to 4 when a = 1, or an integer of from 
0 to 3 when a = 2 ; e is an integer of from 0 to 5 ; represents 
a transition metal of iSroups 4 to 6 of the Periodic Table; 
represents a transition metal of Groups 8 to 10 of the Periodic 
Table; and each represent a coordination-bonding ligand; 
X^, Y^, Z^, and each represent a covalent-bonding or 
ionic-bonding ligand; and lS L^, xS Y^ zS and may be 
bonded to each other to form a cyclic structure. 



Specific examples of and in formulae (2) and (3) 
include (1) an alkylene group having from 1 to 4 carbon atoms, 
or a cycloalkylene group, or the group substituted by a lower 
alkyl or phenyl group at its side chain, such as a methylene 
group, an ethylene group, an isopropylene group, a 
methylphenylmethylene group, a diphenylmethylene group, a 
cyclohexylene group, etc.; (2) a silylene group, or an 
_ oligosilylene group, or the group substituted by a lower alkyl 
*P or phenyl group at its side chain, such as a silylene group, 
^ a dimethylsilylene group, a methylphenylsilylene group, a 
diphenylsilylene group, a disilylene group, a 

y 1 

^ tetramethyldisilylene group, etc. ; and (3) a hydrocarbon group 
y (e.g., a lower alkyl group, a phenyl group, a hydrocarbyloxy 

^ group (preferably, a lower alkoxy group), etc.) containing 
^ germanium, phosphorus, nitrogen, boron or aliaminium, such as 
a (CH3)2Ge group, a (C6H5) 2Ge group, a (CH3)P group, a (C6H5) P 
group, a (C4H9)N group, a (C6H5)N group, a (CH3)B group, a 
(C4H9)B group, a (C6H5)B group, a (C6H5)A1 group, a (CHaOAl 
group, etc. Of those, preferred are alkylene groups and 
silylene groups. 

(C5H5-a-bR®b) / (CsHs-a-cR^c) and (CsHs-a-dR^^d) are 
conjugated, 5-membered cyclic ligands, in which , and R^^ 
each represent a hydrocarbon group, a halogen atom, an alkoxy 
group, a silicon- containing hydrocarbon group, a 
phosphorus-containing hydrocarbon group, a nitrogen- 
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containing hydrocarbon group, or a boron-containing 
hydrocarbon group; a represents 0, 1 or 2 ; and b, c and d each 
represent an integer of from 0 to 5 when a = 0, or an integer 
of from 0 to 4 when a = 1, or an integer of from 0 to 3 when 
a = 2 . The hydrocarbon group preferably has from 1 to 20 carbon 
atoms, more preferably from 1 to 12 carbon atoms. The 
hydrocarbon group may be a monovalent one that bonds to the 
eye 1 open tadienyl group of a conjugated, 5-membered cyclic 
group. Two of plural hydrocarbon groups , if any, may be bonded 
to each other to form a cyclic structure along with a part of 
the cyclopentadienyl group. Specific examples of those 
conjugated, 5-membered cyclic ligands are substituted or 
unsubstituted cyclopentadienyl groups, indenyl groups and 
f luorenyl groups . The halogen atom includes chlorine , bromine , 
iodine and fluorine atoms. The alkoxy group preferably has 
from 1 to 12 carbon atoms . The silicon-containing hydrocarbon 
group includes, for example, groups of -Si(Rl2) (r13) (r14) ^ in 
which ^ r13 and R^^ each represent a hydrocarbon group having 
from I to 24 carbon atoms. As the phosphorus -containing 
hydrocarbon group, the nitrogen-containing hydrocarbon group 
and the boron-containing hydrocarbon group, for example, 
mentioned are groups of -P (R^^) (R^^) , -N (R^^) (r16) , and - 
B(r15) (r16) ^ respectively, in which R^^ and R^^ each represent 
a hydrocarbon group having from 1 to 18 carbon atoms. Plural 
r8 ' s , R^ ' s and R^^ ' s , if any, may be the same or different ones , 



respectively. In formula < I -2) , the conjugated, 5-membered 
cyclic ligands (CsHs-a-bR^b) and (CsHs-a-cR^c) may be the same 
or different ones. 

represents a transition metal element of Groups 4 
to 6 of the Periodic Table, including, for example, titanium, 
zirconium, hafnium, niobium, molybdenum, tungsten, etc. Of 
those, preferred are titanium, zirconium and hafnium, and more 
preferred is zirconium. represents a cova lent -bonding 

ligand, including, for example, oxygen (-0-) , sulfur (-S-) , 
an alkoxy group having from 1 to 20, preferably from 1 to 10 
carbon atoms , a thioalkoxy group having from 1 to 20 , preferably 
from 1 to 12 carbon atoms, a nitrogen-containing hydrocarbon 
group having from 1 to 40, preferably from 1 to 18 carbon atoms, 
and a phosphorus -containing hydrocarbon group having from 1 
to 40, preferably from 1 to 18 carbon atoms. and each 

represent a coval en t -bonding ligand, including, for example, 
a hydrogen atom, a halogen atom, a hydrocarbon group having 
from 1 to 20, preferably from 1 to 10 carbon atoms, an alkoxy 
group having from 1 to 20, preferably from 1 to 10 carbon atoms, 
an amino group, a phosphorus -containing hydrocarbon group 
having from 1 to 20, preferably from 1 to 12 carbon atoms (e.g. , 
a diphenylphosphine group, etc.), a silicon-containing 
hydrocarbon group having from 1 to 20, preferably from 1 to 
12 carbon atoms (e.g., a trimethylsilyl group, etc.), and a 
boron compound residue having a hydrocarbon group with from 



1 to 20, preferably from 1 to 12 carbon atoms or having halogens 
(e.g. , B(C6H5)4, BF4 ) . Of those, preferred are halogen atoms 

and hydrocarbon groups . and may be the same or different, 

and they may be bonded to each other to form a cyclic structure . 

In formula (4) , represents a transition metal of 
Groups 4 to 6 of the Periodic Table, such as that mentioned 
above; and and have the same meanings as above. The 
meanings of X^ and Y^ shall apply to w\ Namely, is a 

covalent-bonding ligand, including, for example, a hydrogen 
atom, a halogen atom, a hydrocarbon group having from 1 to 20, 
preferably from 1 to 10 carbon atoms, an alkoxy group having 
from 1 to 20, preferably from 1 to 10 carbon atoms, an amino 
group, a phosphorus -containing hydrocarbon group having from 
1 to 20, preferably from 1 to 12 carbon atoms (e.g., a 
diphenylphosphine group, etc.)/ a silicon-containing 
hydrocarbon group having from 1 to 20, preferably from 1 to 
12 carbon atoms (e.g., a trimethylsilyl group, etc.), and a 
boron compound residue having a hydrocarbon group with from 
1 to 20, preferably from 1 to 12 carbon atoms or having halogens 
(e.g. , B(C6H5)4, BF4 ) . Of those, preferred are halogen atoms 

and hydrocarbon groups. X^ , Y^ and may be the same or 
different, and they may be bonded to each other to form a cyclic 
structure . 

In formula (5) , represents a transition metal of 
Groups 4 to 6 of the Periodic Table, such as that mentioned 



above; and , and have the same meanings as above. The 
meanings of x\ and shall apply to U\ Namely, is a 
covalent-bonding ligand, including, for example, a hydrogen 
atom, a halogen atom, a hydrocarbon group having from 1 to 20, 
preferably from 1 to 10 carbon atoms, an alkoxy group having 
from 1 to 20, preferably from 1 to 10 carbon atoms, an amino 
group, a phosphorus -containing hydrocarbon group having from 
1 to 20, preferably from 1 to 12 carbon atoms (e.g., a 
diphenylphosphine group, etc.)/ a silicon-containing 
hydrocarbon group having from 1 to 20, preferably from 1 to 
12 carbon atoms (e.g., a trimethylsilyl group, etc.), and a 
boron compound residue having a hydrocarbon group with from 
1 to 20, preferably from 1 to 12 carbon atoms or having halogens 
(e.g. , B(C6H5)4, BF4 ) . Of those, preferred are halogen atoms 

and hydrocarbon groups. , Y^, and may be the same or 
different, and they may be bonded to each other to form a cyclic 
structure . 

(I) As specific examples of the transition metal 
compounds of formulae (2) and (3) , mentioned are the following 
compounds. In the compounds to be mentioned below, titanium 
may be replaced with zirconium, and such zirconixim compounds 
are also referred to herein to the same effect. 

(1) Transition metal compounds not having a 
crosslinkable bonding group but having two conjugated, 5- 
membered cyclic ligands, such as 



17 



di chloride , 
di chloride , 
di chloride , 
di chloride , 
di chloride , 
di chloride , 
di chloride , 



chloride , 
chloride , 
chloride , 



bis (cyclopentadienyl) titanium 
bis (methyl cyclopentadienyl) titanium 
bis (dimethyl cyclopentadienyl) titanium 
bis (trimethyl cyclopentadienyl) titanium 
bis (tetramethyl cyclopentadienyl) titanium 
bis ( pe n t ame thy 1 cyclopentadienyl) titanium 
bis (n -butyl cyclopentadienyl) titaniiam 
bis (indenyl) titanium di chloride, bis (fluorenyl) titanium 
dichloride, bis (cyclopentadienyl) titanium chlorohydride , 
bis (cyclopentadienyl) methyl titanium 
bis (cyclopentadienyl) ethyl titanium 
bis (cyclopentadienyl) phenyl titanium 
bis (cyclopentadienyl) dimethyl titanium, 
bis (cyclopentadienyl) diphenyl titanium, 
bis (cyclopentadienyl) dineopentyl titanium, 
bis (cyclopentadienyl) dihydro titanium, 

(cyclopentadienyl) (indenyl) titanium 

(cyclopentadienyl) (fluorenyl ) titanium dichloride, etc. 

(2) Transition metal compounds having two conjugated, 
5-membered cyclic ligands, in which the two ligands are 
crosslinked with an alkylene group, such as 
methylenebis (indenyl) titanium dichloride, 
ethyl enebis (indenyl) titaniiim dichloride, 
methylenebis (indenyl) titanium chlorohydride, 
ethyl enebis (indenyl ) methyl titanium chloride, 



dichloride , 
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ethylenebis (indenyl ) me thoxychloro titanium, 

ethyl enebis (indenyl) titaniijm diethoxide, 
ethylenebis (indenyl) dimethyl titanium, ethylenebis (4,5,6,7- 
tetrahydroindenyl) titanium dichloride, ethylenebis (2- 
methyl indenyl) titaniiim dichloride, ethylenebis (2,4- 

dimethyl indenyl) titanium dichloride, ethylenebis (2 -methyl - 
4-trimethylsilylindenyl) titanium dichloride, 
ethylenebis (2 , 4 -dimethyl -5 , 6 , 7-trihydroindenyl ) titanium 
dichloride, ethylene (2 , 4 -dime thy Icy cl open tadienyl) (3',5'- 
dime thylcycl open tadienyl) titanium dichloride, ethylene (2- 
methyl -4 -t-butylcycl open tadienyl) (3 ' -t -butyl -5 ' - 
me thylcycl open tadienyl) titanium dichloride, 
ethylene (2 , 3,5- trime thy Icy clopentadienyl) (2 • ,4 ' ,5'- 
trimethylcyclopentadienyl) titanium dichloride, 
isopropylidenebis (2-methylindenyl ) titanium dichloride, 
is ©propyl idenebis (indenyl) titanivim dichloride, 
isopropylidenebis (2 , 4 -dimethyl indenyl) titanium dichloride, 
i sopropyl i dene (2 , 4 -dime thy Icyclopen tadienyl) (3' ,5'- 
dime thylcycl open tadienyl) titanivim dichloride, 
i sopropyl idene (2 -methyl -4 -t-butylcyclopen tadienyl) (3 ' -t- 
butyl-5 ' -me thy Icy clopentadienyl) titanium dichloride, 
methylene (cyclopen tadienyl) (3,4- 

di me thylcycl open tadienyl) titanium dichloride, 
methylene (cyclopen tadienyl) (3,4- 

di me thy Icy clopentadienyl) titanium chlorohydride , 



methylene (cyclopentadienyl ) (3,4- 
dimethylcyclopen tadienyl ) dimethyl titanium , 
methylene (cyclopentadienyl ) (3,4- 
dimethylcyclopentadienyl) diphenyl titanium, 
methylene (cyclopentadienyl ) ( trimethyl cyclopentadienyl ) - 
titanixjm dichloride, 
methylene (cyclopentadienyl ) ( tetrame thy Icy cl open tadienyl ) - 
titanium dichloride, isopropylidene (cyclopentadienyl) (3 , 4 - 
dimethyl cyclopentadienyl) titanium dichloride, 
i sopropyl idene ( cyclopentadienyl ) (2,3,4,5- 

tetramethylcyclopentadienyl) titanivim dichloride, 
isopropylidene (cyclopentadienyl) (3-methylindenyl ) titanium 
dichloride , 

isopropylidene (cyclopentadienyl) (fluorenyl) titaniiim 
dichloride, isopropylidene (2 - 

methyl cyclopentadienyl) (fluorenyl) titanium dichloride, 
isopropylidene (2 , 5 -dime thy Icy cl open tadienyl) (3,4- 
di methyl cyclopentadienyl) titaniiim dichloride, 
isopropylidene (2,5- 

dimethyl cyclopentadienyl) (fluorenyl ) titanium dichloride, 
ethylene (cyclopentadienyl) (3,5- 

dimethyl cyclopentadienyl ) ti tanium dichloride , 

ethylene (cyclopentadienyl) (fluorenyl) titanium dichloride, 
ethylene (2 ,5-dimethylcyclopen tadienyl) (fluorenyl) titanium 
dichloride, ethylene (2 , 5- 
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diethylcyclopentadienyl) (fluorenyl) titanium dichloride, 
diphenylmethylene (cyclopentadienyl ) {3,4- 

diethylcyclopentadienyl) titanium dichloride, 
diphenylmethylene (cyclopentadienyl) (3,4- 

di ethyl cyclopentadienyl) titanium dichloride, 
cyclohexylidene (cyclopentadienyl) (fluorenyl) titanium 
dichloride, cyclohexylidene (2 , 5- 

dime thy 1 cyclopentadienyl) (3 ' , 4 ' - 

dimethyl cyclopentadienyl) titanium dichloride, etc. 

(3) Transition metal compounds having two silylene- 
crosslinked, conjugated, 5-membered cyclic ligands, such as 
dimethyl silylenebis (indenyl) titanium dichloride, 
dimethylsilylenebis (4,5, 6 , 7-tetrahydro indenyl ) titanium 
dichloride, dimethylsilylenebis (2-methylindenyl ) titanium 
dichloride, dimethylsilylenebis (2,4- 

dime thy 1 indenyl) titanium dichloride, 
dimethylsilylenebis (2 , 4-dimethylcyclopentadienyl ) (3 ' , 5 ' - 
dimethyl cyclopentadienyl) titanium dichloride, 
phenylmethyl silylenebis (indenyl) titanium dichloride, 
phenylmethylsilylenebis (4,5,6 , 7-tetrahydroindenyl) titanium 
dichloride, phenylmethylsilylenebis (2,4- 

dime thy 1 indenyl) titanium dichloride, 
phenylmethyl silylene (2 , 4-dimethylcyclopentadienyl) (3 ' , 5 ' - 
dimethyl cyclopentadienyl) titanium dichloride, 
phenylmethyl silylene (2,3,5- 



trimethylcyclopentadienyl) (2 • , 4 ' , 5 ' - 

trimethylcyclopentadienyl) titanium di chloride, 

phenylmethylsilylenebis ( tetrame thy Icy dope ntadienyl ) - 
titanium dichloride , diphenylsilylenebis (2,4- 

dimethylindenyl) titanium dichloride, 
diphenylsilylenebis (indenyl) titanium dichloride, 
diphenylsilylenebis (2-methylindenyl ) titanium dichloride, 
tetramethyldisilylenebis (indenyl) titaniiim dichloride, 
tetrame thyldisilylenebis (cyclopentadienyl ) titanium 
dichloride, tetramethyldisilylene (3- 

methyl cyclopentadienyl) (indenyl) titan itim dichloride, 
dime thy 1 s i ly 1 ene ( cy cl open tadi eny 1 ) (3,4- 

dimethyl cyclopentadienyl) titanium dichloride, 
dime thy 1 s i ly 1 ene - 

(cyclopentadienyl) (trimethylcyclopentadienyl) titanium 
dichloride, dimethylsilylene- 
( cyclopentadienyl) ( tetrame thy Icy elope ntadienyl ) titanium 
dichloride, dimethylsilylene (cyclopentadienyl) (3,4- 

diethylcyclopen tadi eny) titanivmi dichloride, 
dimethyl si lyl ene - 

(cyclopentadienyl) < tri ethyl cycl open tadi eny 1) titanium 
dichloride , dimethylsilylene- 

( cyclopentadienyl) ( tetraethyl cyclopentadienyl) titaniijm 
dichloride, 

dimethylsilylene (cyclopentadienyl) (fluorenyl) titanium 



dichloride, dimethyl si 1 yl ene (cyclopentadienyl ) (2 , 7-di-t- 
butylf luorenyl) titanium dichloride, dimethyl si lylene- 
(cyclopentadienyl) (octahydrof luorenyl ) titanium dichloride, 
dimethyl si lylene (2- 

methylcyclopentadienyl) (f luorenyl) titanium dichloride, 
dimethyl si lylene (2,5- 

dimethylcyclopentadienyl) (f luorenyl) titanium dichloride, 
dimethyl si lylene (2- 

e thy Icycl open tadienyl) (f luorenyl) titaniijm dichloride, 
dimethyl si lylene (2,5- 

diethylcycl open tadienyl) (f luorenyl ) titanium dichloride, 
diethylsilylene (2 -methyl cycl open tadienyl) (2' ,7'-di-t- 
butylf luorenyl) titanium dichloride, dimethylsilylene (2 , 5- 
dimethyl cycl open tadienyl) (2 ' , 7 ' -di-t- 

butylf luorenyl) titanium dichloride, dimethylsilylene (2- 
ethylcyclopentadienyl ) (2 • , 7 ' -di-t-butylf luorenyl) titanium 
dichloride, dimethylsilylene (diethyl cycl open tadienyl) (2,7- 
<5i_t-butylf luorenyl) titanium dichloride, dime thyl si lylene - 

(methyl cycl open tadienyl) (octahydrof luorenyl) titanivim 
dichloride , dimethyl silylene- 

(dime thyl cyclopen tadienyl) (octahydrof luorenyl) titanium 
dichloride , dime thyl si lylene- 

( ethyl cycl open tadienyl) (octahydrof luorenyl ) titanivim 
dichloride, dimethylsilylene- 



( di e thy 1 cycl open tadienyl) (octahydrof luorenyl ) titanium 
di chloride, etc. 

(4) Transition metal compounds having two conjugated, 
5-membered cyclic ligands, in which the two ligands are 
crosslinked with a germanium-, aluminium-, boron-, 
phosphorus- or nitrogen-containing hydrocarbon group, such as 
dime thy Igermylenebis (indenyl) titanium di chloride, 
dimethyl germylene (cycl open tadienyl) (f luorenyl) titanixjm 

di chloride, methylalumylenebis (indenyl) titanium di chloride, 
phenylamylenebis (indenyl) titanium di chloride, 

phenylphosphylenebis (indenyl) titanium di chloride, 

ethylborylenebis (indenyl) titanium di chloride, 

phenylamylenebis (indenyl) titanium di chloride, 

phenylamylene (cyclopentadienyl) (fluorenyl) titanium 
dichloride, etc. 

(5) Transition metal compounds having one conjugated, 
5-membered cyclic ligand, such as 
pen tame thyl cycl open tadienyl -bis (phenyl) aminotitaniijm 
dichloride, indenyl -bis (phenyl ) aminotitanium dichloride, 
pen tcime thyl cycl open t adi eny 1 - 

bis ( trimethylsilyl) aminotitanium dichloride, 
pen tame thyl cycl open tadi eny Iphenoxyti tanium dichloride , 

dime thyl s i lyl ene (tetramethyl cycl open tadienyl) - 
phenylaminoti tanium dichloride, 
dime thy 1 si ly 1 ene ( tetramethyl cycl open tadienyl) -t- 



butylaminotitanium di chloride, 

dimethyl silylene ( tetrahydroindenyl ) decylamino ti taniiom 
dichloride, dimethyl s i lylene ( tetrahydroindenyl ) - 

[bis ( trimethyl si lyl) amino] titanixam dichloride, 
dimethylgermylene- 

( tetrame thy Icycl open tadienyl) phenyl cuni no titanium 
dichloride , pen tame thylcycl open tadienyl titanium 

trimethoxide, pentamethylcyclopen tadienyl titanium 

trichloride, ( t-butylamido) ( tetramethyl-Ti^- 

cyclopentadienyl ) silane-ti taniumdimethyl , ( t- 

butylamido) (tetramethyl-Ti^-cycl open tadienyl) -1,2-ethane- 
diyl titanium dichloride, (methylamido) ( tetramethyl-Ti^- 
cyclopentadienyl) -1 ,2-ethane-diyl titanium dichloride, 

(ethylamido) ( tetramethyl -r|^- eye lope n tadienyl ) - 
methylenetitanium dichloride, < t-butylamido) dime thy 1- 

( tetramethyl -Ti^-cycl open tadienyl ) silane-ti tanitmi dichloride , 

(benzyl ami do) dimethyl - ( tetrame thy 1-11° - 

cycl open tadienyl) silane-titanixom dichloride, 
(phenyl phosphide) dimethyl - (tetramethyl -ti® - 
cyclopentadienyl) silane-titaniumdibenzyl , etc. 

(6) Transition metal compounds having two conjugated, 
5-membered cyclic ligands in which the ligands are double- 
crosslinked, such as (1 , 1 • -dimethylsilylene) (2 , 2 ' - 
isopropylene) bis (cyclopentadienyl) titanium dichloride, 
(1,1' -dimethylsilylene) (2,2' -dimethyl silylene) - 



bis (cycl open tadienyl) titanium dichloride, (1,1'- 

dimethyl si Xylene) (2,2* -isopropylidene) - 

bis (cycl open tadienyl) dimethyl titanium, (1/1' - 

dimethyl si lylene) (2,2' -isopropylidene) - 

bis ( cycl open tadi enyl ) dibenzyl titanium, (1,1*- 
dimethyl si lylene) (2,2* -isopropylidene) - 

bis (cyclopentadienyl) bis ( trimethylsilyl) titanium, (1,1'- 
dimethyl si lylene) (2,2' -isopropylidene) - 

bis (cyclopentadienyl) bis ( trimethylsilylmethyl) titanium, 
(1,2' -dimethylsilylene) (2,1' -ethylene) - 

bis (indenyl ) titanium dichloride, (1,1'- 

dimethyl si lylene) (2,2' -ethylene) -bis (indenyl) titanium 
dichloride, ( 1' , 1 ' -ethylene) (2 , 2 ' -dimethylsilylene) - 

bis (indenyl) titanium dichloride, (1,1'- 

dimethylsilylene) (2,2' - cycl ohexyli dene) - 
bis (indenyl) titan i\jm dichloride, etc. 

(7) Derivatives from compounds of (1) to (6) noted 
above, which are produced by substituting the chlorine atoms 
in those compounds of (1) to (6) with any of a bromine atom, 
an iodine atom, a hydrogen atom, a methyl group, a phenyl group 
and others, and by substituting the center metal, titanium in 
those transition metal compounds with any of zirconitim, hafnium, 
niobium, molybdenum, tungsten and others. 



(II) As specific examples of the transition metal 
compounds of formula (4) , mentioned are the following 
compounds . 

They are transition metal compounds of formula (4) , in 
which the group (CsHs-eR^^e) is any of the following formulae 
(I) to (VII) 
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R 




wherein A represents an element of Group 13, 14, 15 or 16, and 
plural A' s may be the same or different; R represents a hydrogen 
atom, a halogen atom, an aliphatic hydrocarbon group having 
from 1 to 30 carbon atoms , an aromatic hydrocarbon group having 
from 6 to 30 carbon atoms, an alkoxy group having from 1 to 
30 carbon atoms, an aryloxy group having from 6 to 30 carbon 
atoms, 'a thioalkoxy group having from 1 to 30 carbon atoms, 
a thioaryloxy group having from 6 to 30 carbon atoms, an amino 
group, an ami do group, a carboxyl group, or an alkylsilyl or 
akylsilylalkyl group having from 3 to 30 carbon atoms, and R's 
may be the same or different, and may be optionally bonded to 
each other to form a cyclic structure; a represents 0, 1 or 
2 ; and n and m each represent an integer of at least 1 . 

Specific examples of the group (CsHs-oR^^e) are mentioned 

below. 

In the indenyl derivatives and the fluorenyl 
derivatives, the position of each substituent is indicated by 
the following position numbers. 
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m 
O 



4 3 65 43 



The group (CsHs-eR^^) includes, for example, a 
CYclopentadienyl group, a methylcydopentadienyl group, a 
1 , 2-dimethylcyclopentadienyl group, a 1/3- 



dimethylcyclopentadienyl group, a 1,2,3- 

^ t rime thy Icyclopentadienyl group, a 1,3,4- 

trimethylcyclopentadienyl group, a 

U I 

tetramethylcyclopentadienyl group, a 



pen tame thylcyclopentadienyl group, an ethylcyclopentadienyl 
group, a 1 , 2-di ethylcyclopentadienyl group, a l^S- 
di ethylcyclopentadienyl group, a 1,2,3- 

tri ethylcyclopentadienyl group, a 1,3,4- 

tri ethylcyclopentadienyl group, a tetraethylcyclopentadienyl 
group, a pentaethylcyclopentadienyl group, an indenyl group, 
a 1 -methyl indenyl group, a 1 , 2-di methyl indenyl group, a 
1,3 -dimethyl indenyl group, a 1 , 2 , 3-trimethylindenyl group, a 
2 -methyl indenyl group, a 1 -ethyl indenyl group, a 1 -ethyl - 
2 -methyl indenyl group, a 1 -ethyl -3 -methyl indenyl group, a 
l-ethyl-2 , 3 -dimethyl indenyl group, a 1 , 2-di ethyl indenyl 
group, a 1 , 3-di ethyl indenyl group, a 1, 2 , 3-triethylindenyl 
group, a 2 -ethyl indenyl group, a 1 -methyl -2 -ethyl indenyl 
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group, a 1 , 3-dimethyl-2 -ethylindenyl group, a 4,5,6,7- 
tetrahydroindenyl group, a l-methyl-4 , 5 , 6 , 7- 

tetrahydroindenyl group, a 1 , 2-dimethyl-4 , 5 , 6 , 7- 

tetrahydroindenyl group , a 1 , 3-dimethyl -4,5,6,7- 

tetrahydroindenyl group , a 1,2, 3-trimethyl-4 ,5,6,7- 
tetrahydroindenyl group, a 2-methyl-4 , 5 , 6 , 7- 

tetrahydroindenyl group, a l-ethyl-4 , 5 , 6 , 7-tetrahydroindenYl 
group, a l-ethyl-2-methyl-4 , 5 , 6 , 7-tetrahydroindenyl group, a 
1 - e thy 1 - 3 -me thy 1 -4,5,6,7-te t r ahydr o i nde ny 1 group , a 1 - 
ethyl -2 , 3 -dime thy 1-4 ,5,6 , 7-tetrahydroindenyl group, a 1,2- 
di ethyl -4 ,5, 6, 7-tetrahydroindenyl group, a 1 , 2-diethyl-3- 
methyl-4 ,5,6 , 7-tetrahydroindenYl group, a 1 , 3-diethyl- 
4 , 5 , 6, 7-tetrahydroindenyl group, a 1 , 3-diethyl -2 -methyl - 
4,5,6 , 7-tetrahydroindenyl group, a 1,2, 3-triethyl-4 ,5,6,7- 
tetrahydroindenyl group, a 2-ethyl-4 ,5,6, 7-tetrahydroindenyl 
group, a 1 -me thyl-2-e thyl-4 , 5 , 6 , 7-tetrahydroindenyl group, a 
1 ,3-dimethyl-2-ethyl-4 ,5, 6, 7-tetrahydroindenyl group, a 
fluorenyl group, a 9 -methyl fluorenyl group, a 9- 
ethylf luorenyl group, a 1 , 2 , 3 , 4 -tetrahydrof luorenyl group, a 
9-methyl-l , 2 , 3 , 4 -tetrahydrof luorenyl group, a 9-ethyl- 
1 ,2 ,3, 4 -tetrahydrof luorenyl group, a 1,2,3,4,5,6,7,8- 
octahydrof luorenyl group , a 9-me thyl -1,2,3,4,5,6,7,8- 
octahydr of luorenyl group, a 9-ethyl-l , 2 , 3 , 4 , 5 , 6 , 7 , 8- 
octahydrof luorenyl group , etc . 
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Specific examples of the transition metal compounds of 
formula (4) are mentioned below. In these, titanium may be 
replaced with zirconium, and such zirconium compounds are also 
referred to herein to the same effect. 

They are cyclopentadienyl titanium trichloride, 
eye 1 ope n tadi e ny Ititaniumt rime thy 1 , eye lopenadienyl titanium 
trimethoxide, cyclopentadienyl titaniumtribenzyl , 



methyl cycl open tadienyltitaniijm 

methyl cycl open tadi enyl ti taniumt rime thy 1 , 

methyl cyclopentadienyl titanium 

methyl cyclopentadienyl titaniumtribenzyl , 

dime thyl cycl open tadi enyl ti tanium 

dimethyl cyclopentadienyl ti taniumtrime thyl , 

dimethyl cycl open tadi enyl ti tanium 

dimethyl cyclopentadienyl titaniumtribenzyl , 

trimethylcyclopentadienyl titanium 

t r ime thy 1 cycl open tadi enyl ti taniumtrime thyl , 

trimethylcyclopentadienyl titanium 

trimethylcyclopentadienyl titaniumtribenzyl , 

te t r cime thyl cycl open tadi enyl t i tan i um 

tetrame thyl cyclopentadienyl ti tanixjmt rime thyl , 

te tramethyl cyclopentadienyl ti tani vim 

tetrame thyl cyclopentadienyl ti taniijmtribenzyl , 

pen tame thyl cycl open tadi enyl titanium 

pe n tame thy 1 cycl open tadi enyltitanivimtr ime thyl , 



trichloride. 



trimethoxide , 



trichloride. 



trimethoxide , 



trichloride. 



trimethoxide , 



trichloride , 



trimethoxide , 



trichloride , 
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pentamethylcyclopentadienyl titanium trimethoxide , 

pen tame thyl cy cl open tadi eny 1 ti tani umt r ibenzy 1 , 
indenyl titanium trichloride, indenylti taniumtrimethyl , 
indenyl titanium trimethoxide , indenyl ti taniumtribenzyl , 1- 
methylindenyltitanixim trichloride, 1- 

me thyl i ndenyl t i tani umt rime thyl , 1 -me thyl i ndenyl ti tani urn 

trimethoxide , l -me thyl indenylti tan i umtr iben zy 1 , 2- 

methyl indenyl titanium trichloride, 2- 

methylindenyl ti taniumtrimethyl , 2 -me thylindenyl ti tanium 

trimethoxide, 1 -methyl indenylti taniumtribenzyl , 1,2- 

dimethylindenyl titanium trichloride, 1 ,2- 

dimethylindenylti taniumtrimethyl , 1/2- 
dimethylindenyl titanium trimethoxide, 1/2- 

di me thyl indenylti taniumtribenzyl , 1/3- 
dime thyl indenyl titanium trichloride, 1/3- 

dime thyl i ndenyl titanitimtrime thyl , 1,3- 
dime thyl indenyl titanium trimethoxide, 1/3- 

di me thyl indenylti tan iumtri ben zyl , 1,2,3- 
trime thyl indenylti tani xjm trichloride, 1,2,3- 

t rime thyl indenylti tani umt rime thyl , 1,2,3- 
trimethyl indenyl titanium trimethoxide, 1,2,3- 

trimethyl indenylti taniumtribenzyl , 1,2,3,4,5,6,7- 
heptamethylindenyl titanium trichloride, 1,2,3,4,5,6,7- 
hep tame thyl indenylti tani umt rime thy 1 , 1,2,3,4,5,6,7- 
hep tame thyl indenyl titanium trimethoxide, 1,2,3,4,5,6,7- 
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heptamethylindenyl ti taniumtribenzyl , 4,5,6,7 
tetrahydroindenyl titanium trichloride, 4,5,6,7 

te trahydroindenyl ti taniumtrimethyl , 4,5,6,7 
tetrahydroindenyl ti tanium trimethoxide , 4,5,6,7 

tetrahydroindenyl ti taniumtribenzyl , 1 -methyl -4 ,5,6,7 

tetrahydroindenyl titanium trichloride, l-methyl-4 , 5 , 6 , 7 
tetrahydroindenyl ti taniumtrimethyl , l-methyl-4 ,5,6,7 

tetrahydroindenyl ti tanium trimethoxide , 1 -methyl -4 ,5,6,7 
tetrahydroindenyl ti tanivmitr ibenzyl , 2 -methyl -4,5,6,7 

tetrahydroindenyl ti tanium trichloride , 2 -methyl -4,5,6,7 
tetrahydroindenyl titanium trimethoxide, 2 -methyl -4 ,5,6,7 
tetrahydroindenyl ti taniumtribenzyl , 1 , 2 -dimethyl -4 ,5,6,7 
tetrahydroindenyl titanium trichloride, 1,2-dimethyl 

4,5,6,7- tetrahydroindenyl ti taniumtrimethyl , 1,2 -dimethyl 
4 , 5, 6, 7- tetrahydroindenyl titanium trimethoxide, 1,2 
dimethyl-4 , 5 , 6 , 7-tetrahydroindenylti taniumtribenzyl , 1,3 
dimethyl -4 , 5 , 6 , 7-tetrahydroindenylti tanium trichloride 
1 , 3 -dimethyl -4 ,5, 6 , 7-tetrahydroindenylti taniumtrimethyl , 
1 , 3 -dimethyl -4 ,5, 6 , 7-tetrahydroindenylti tanium 
trimethoxide , 1 , 3 -dimethyl -4 ,5,6,7 

tetrahydroindenyl titaniijmtribenzyl , 1 / 2 , 3-trimethyl 

4 , 5 , 6 , 7-tetrahydroindenylti tanium trichloride, 1,2,3 
trimethyl-4 ,5, 6 , 7-tetrahydroindenylti taniumtrimethyl , 
1,2, 3-trimethyl -4 , 5 , 6 , 7-tetrahydroindenylti tanium 
trimethoxide , 1,2, 3-trimethyl -4 ,5,6,7 



tetrahydroindenyltitaniumtribenzyl , 1 -ethyl -4 , 5 , 6 , 7 

tetrahydroindenyl titanium trichloride, 1 -ethyl-4 , 5 , 6 , 7 
tetrahydroindenyl ti taniumtrimethyl , 1 -ethyl -4 ,5,6,7 

tetrahydroindenyl ti tanium trime thoxide , 1 -ethyl -4,5,6,7 
tetrahydroindenyl titaniumtribenzyl , 1 -ethyl -2 -methyl 

4,5,6,7- tetrahydroindenyl ti tanium trichloride , 1 -ethyl -2 
methyl -4 , 5 , 6 , 7-tetrahydroindenylti taniumtrimethyl , 1 
p ethyl -2 -methyl -4 ,5,6 , 7-tetrahydroindenylti tanium 

trime thoxide, 1 -ethyl -2 -methyl -4 , 5 , 6 , 7 

u 

^ tetrahydroindenyltitaniiamtribenzyl , 1 -ethyl -3 -methyl 

yj 4,5,6, 7-tetrahydroindenyl titanium trichloride , l-ethyl-3 

5 methyl -4 , 5 , 6 , 7- tetrahydroindenyl titanium trichloride, 1 

to ethyl -3 -methyl -4 ,5, 6 , 7-tetrahydroindenylti taniumtrimethyl , 

=p l-ethyl-3 -methyl -4 ,5, 6 , 7- tetrahydroindenyl titanium 

t r ime thoxi de , 1 - e thy 1 - 3 -me thy 1 -4,5,6,7 

tetrahydroindenyl titaniumtribenzyl , 1 -ethyl -2 , 3-dimethYl 
4,5, 6,7-tetrahYdroindenyltitani\am trichloride, 1-ethyl 
2 , 3-dimethyl-4 ,5,6 , 7-tetrahydroindenyl ti taniumtrimethyl , 
l-ethyl-2 , 3-dimethyl-4 ,5,6, 7 -tetrahydroindenyl titanium 
trime thoxide , l-ethyl-2 , 3-dimethyl-4 ,5,6,7 

tetrahydroindenyl titaniumtribenzyl , 1 , 2 -diethyl -4 ,5,6,7 
tetrahydroindenyl titanium trichloride, 1,2-diethyl 

4,5,6, 7-tetrahYdroindenYlti taniumtrimethyl , 1 , 2-diethyl 
4 ,5, 6, 7 -tetrahydroindenyl titanium trimethoxide , 1,2 
diethyl-4 ,5,6 , 7-tetrahydroindenyl titaniumtribenzyl , 1,2 
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diethyl -3-methyl -4 ,5,6 , 7 -tetrahydroindenyl titanium 
trichloride, 1 , 2-diethyl-3-methyl-4 , 5 , 6 , 7 

tetrahydroindenyl titaniumtrimethyl , 1 , 2 -diethyl -3 -methyl 
4 , 5, 6 , 7- tetrahydroindenyl titanium trimethoxide , 1,2 
diethyl -3 -methyl -4 ,5,6,7- 

tetrahydroindenyl ti tanivimtribenzyl , 1 , 3-diethyl -4 ,5,6,7 
tetrahydroindenyl titani vim trichloride, 1, 3-diethyl 

4,5,6, 7-tetrahydroindenyl titanixamtrimethyl , 1 , 3-diethyl 
4,5,6, 7 -tetrahydroindenyl titanium trimethoxide , 1,3 
diethyl-4 ,5,6 , 7-tetrahydroindenyl ti taniumtribenzyl , 1,3 
di e thy 1 - 2 -me thy 1 - 4 , 5 , 6 , 7 - 1 e t r ahydr oi ndeny 1 1 i tani um 
trichloride, 1 , 3-diethyl -2 -methyl -4 , 5 , 6 , 7 

tetrahydroindenyl titaniumtrimethyl , 1 , 3 -diethyl -2 -methyl 
4 , 5 , 6 , 7-tetrahydroindenyl titanium trimethoxide, 1,3 
diethyl-2-methyl-4 ,5, 6,7- 
tetrahydroindenyl ti taniumtribenzyl , 1 / 2 , 3-triethYl 
4,5,6, 7-tetrahydroindenyl ti taniiam trichloride , 1,2,3 
triethyl-4 ,5,6, 7-tetrahydroindenyl titaniumtrimethyl , 
1,2, 3 -triethyl-4 ,5,6 , 7-tetrahydroindenyl titanium 
trimethoxide, 1,2, 3- triethyl-4 ,5,6,7 
tetrahydroindenyl ti taniumtribenzyl , 2 -ethyl -4 ,5,6,7 
tetrahydroindenyl titanium trichloride , 2-ethyl -4 ,5,6,7 
tetrahydroindenyl ti tan i ijmt rime thy 1 , 2 -ethyl -4,5,6,7 
tetrahydroindenyl titanium trimethoxide , 2-ethyl-4 ,5,6,7 
tetrahydroindenyl ti taniumtribenzyl , 1 -methyl -2 -ethyl 



4,5, 6, 7- tetrahydroindenyl titanium trichloride, l-methyl-2 
ethyl -4 ,5 , 6 , 7-tetrahydroindenylti taniumtrimethyl , 1 
methyl -2 -ethyl -4 ,5, 6 , 7-tetrahydroindenylti tanium 
trimethoxide, l-methyl-2 -ethyl -4 ,5,6,7 

tetrahydroindenyl titaniumtribenzyl , 1 , 3 -dimethyl -2 -ethyl 
4 , 5 , 6 , 7- tetrahydroindenyl titanium trichloride, 1,3 

dimethyl-2-ethyl-4 ,5, 6,7- 

tetrahydroindenyl titaniiomtrimethyl , 1 , 3 -dimethyl -2 -ethyl 
4 , 5 , 6 , 7-tetrahydroindenyltitanium trimethoxide, 1,3 
dimethyl -2 -ethyl -4 ,5,6,7- 

tetrahydroindenyl titaniumtribenzyl , 1,2,3,4 
tetrahydrofluorenyl titanium trichloride, 1,2,3,4 

te trahydrof luorenyl ti taniumtrimethyl , 1,2,3,4 
tetrahydrofluorenyl ti tanium trimethoxide , 1,2,3,4 

tetrahydrofluorenyl titaniumtribenzyl , 9-methyl-l ,2,3,4 

tetrahydrofluorenyl titanium trichloride, 9-methyl-l , 2 , 3 , 4 
tetrahydrof luorenyl ti taniumtrimethyl , 9-methyl-l ,2,3,4 

tetrahydrofluorenyl titanium trimethoxide, 9-methyl 

1,2, 3 , 4-te trahydrof luorenyl titaniumtribenzyl , 9-ethyl 
1,2, 3 , 4-te trahydrof luorenyl titanium trichloride, 9-ethyl 
1,2,3 , 4 -tetrahydrofluorenyl ti taniumtrimethyl , 9-ethyl 
1,2,3 , 4 -tetrahydrofluorenyl titanium trimethoxide, 9-ethyl 
1,2,3 , 4 -tetrahydrofluorenyl titaniumtribenzyl , 
1,2,3,4,5,6,7,8 -octahydrof luorenyl ti tanium tri chloride 

1,2,3,4,5,6,7,8 -octahydrof luorenyl ti taniumtrimethyl , 



1,2,3,4,5,6,7, 8-octahydrofluorenyl titanium trimethoxide , 
1,2,3,4,5,6,7, 8-octahydrof luorenylti taniumtribenzyl , 9- 
methyl-1 ,2,3,4,5,6,7, 8-octahydrofluorenyl titanium 
trichloride , 9-methyl -1 ,2,3,4,5,6,7,8- 

oc tahydrof luorenyl ti taniumtrime thyl , 9 -methyl - 

1,2,3,4,5,6,7, 8 -octahydr of luorenyl titanivim trimethoxide, 
9 -ethyl -1 ,2,3,4,5,6,7, 8-octahydrof luorenyl titanium 
trichloride , 9-ethyl -1 ,2,3,4,5,6,7,8- 

octahydrof luorenyl ti taniumtrime thyl , 9 -ethyl - 

1,2,3,4,5,6,7, 8-octahydrof luorenyl titanium trimethoxide, 
9 - ethyl -1,2,3,4,5,6,7,8- 

oc tahydrof luorenyl titaniximtr ibenzyl , etc.; as well as their 
derivatives to be produced by substituting the titanium element 
in those compounds with zirconium or hafnium, or with any other 
element of different Groups, and also their analogues having 
a transition metal element of lanthanides. However, these 
are not limitative. 

(Ill) Specific Examples of the transition metal 
compounds of formula (5) include tetrame thyl titanium, 
tetrabenzyl titanium, tetraethyl titanium, 

te traphenyl ti tanium , te trame thoxy ti taniiim , 

tetraethoxytitanium, tetrephenoxy titanium, 

tetra (dimethylamino) titanium, tetra (die thyl ami no) titanium, 
tetra (di phenyl ami no) titanium; bis (phenoxy) titanium 

compounds described in Macromolecules , 1997, 30, 1562-1569, 



in Journal of Organometallic Chemistry, 514 (1996), 213-217, 
etc. ; diamidotitanium compounds described in Macromolecules , 
1996, 29, 5241-5243, in Organometallics , 1997, 16, 1491-1496, 
etc.; their derivatives to be produced by substituting the 
titanium element in those compounds with zirconium or hafnixjm, 
or with any other element of different Groups, and also their 
analogues having a transition metal element of lanthanides . 

(IV) In the transition metal compounds of formula (6) , 
.M^ represents a transition metal of Groups 8 to 10 of the 
Periodic Table, concretely including iron, cobalt, nickel, 
palladium, platinum, etc. Of those, preferred are nickel and 
palladium. and each represents a coordination-bonding 

ligand; and and each represent a covalent-bonding or 
ionic-bonding ligand. As mentioned hereinabove, and 
include, for example, a hydrogen atom, a halogen atom, a 
hydrocarbon group having from 1 to 20, preferably from 1 to 
10 carbon atoms , an alkoxy group having from 1 to 20 , preferably 
from 1 to 10 carbon atoms, an cimino group, a phosphorus - 
containing hydrocarbon group having from 1 to 20, preferably 
from 1 to 12 carbon atoms (e.g., a diphenylphosphine group, 
etc.), a silicon-containing hydrocarbon group having from 1 
to 20, preferably from 1 to 12 carbon atoms (e.g., a 
trimethylsilyl group, etc.), and a boron compound residue 
having a hydrocarbon group with from 1 to 20, preferably from 
1 to 12 carbon atoms or having halogens (e.g. , B(C6H5)4/ BF4 ) . 
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Of those, preferred are halogen atoms and hydrocarbon groups. 

and may be the same or different ones . Specific examples 
of li^ and include triphenylphosphine, acetoni trile , 

benzoni trile, 1 , 2-bisdiphenyl phosphinoe thane , 1/3- 

bisdiphenylphosphinopropane , 1,1'- 
bisdiphenylphpsphinof errocene , cyclooctadiene , pyridine, 
bi s t r ime thyl si ly 1 ami nobi s t rime thy 1 s i ly 1 imi nophosphorane , 
etc . 

L^, 1?- , and may be bonded to each other to form 
a cyclic structure. 

The compounds of transition metals of Groups 8 to 10 
of the Periodic Table preferably have a diimine compound as 
the ligand, including, for example, complex compounds of a 
general formula (1-7) : 




wherein R and R each independently represent an aliphatic 
hydrocarbon group having from 1 to 20 carbon atoms, or an 
aromatic group having a hydrocarbon group on the ring and having 
from 7 to 20 carbon atoms in total ; R^^ and R^® each independently 
represent a hydrogen atom, or a hydrocarbon group having from 
1 to 20 carbon atoms, and R^° and R^^ may be bonded to each other 



to form a ring; X and Y each independently represent a hydrogen 
atom, or a hydrocarbon group having from 1 to 20 carbon atoms; 
and represents a transition metal of Groups 8 to 10 of the 
Periodic Table. 

In formula (7) , the aliphatic hydrocarbon group having 
from 1 to 20 carbon atoms for R^^ and may be a linear or 
branched alkyl group having from 1 to 20 carbon atoms or a 
cycloalkyl group having from 3 to 20 carbon atoms, concretely 
including a methyl group, an ethyl group, an n-propyl group, 
an isopropyl group, an n -butyl group, an isobutyl group, a 
sec-butyl group, a tert-butyl group, a pentyl group, a hexyl 
group, an octyl group, a decyl group, a tetradecyl group, a 
hexadecyl group, an octadecyl group, a cyclopentyl group, a 
cyclohexyl group, and a cyclooctyl group, etc. Into the ring 
of the cycloalkyl group, a suitable substituent such as a lower 
alkyl group or the like may be introduced. The aromatic group 
having a hydrocarbon group on the ring and having from 7 to 
20 carbon atoms in total includes, for example, phenyl and 
naphthyl groups with at least one linear, branched or cyclic 
CI- 10 alkyl group being on the aromatic ring. For R^'' and R^°, 
preferred is an aromatic group having a hydrocarbon group on 
the ring, and especially preferred is a 2 , 6-diisopropylphenyl 
group. R^' and R^° may be the same or different. 

The hydrocarbon group having from 1 to 20 carbon atoms 
for r" and R^^ includes , for example, a linear or branched alkyl 
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group having from 1 to 20 carbon atoms, a cycloalkyl group 
having from 3 to 20 carbon atoms, an aryl group having from 
6 to 20 carbon atoms, and an aralkyl group having from 7 to 
20 carbon atoms. For examples of the linear or branched alkyl 
group having from 1 to 20 carbon atoms and the cycloalkyl group 
having from 3 to 20 carbon atoms for R^® and R^^, referred to 
are those of the CI -20 aliphatic hydrocarbon group mentioned 
hereinabove for R^' and R^° . The aryl group having from 6 to 
20 carbon atoms includes, for exaimple, a phenyl group, a tolyl 
group, a xylyl group, a naphthyl group, a methylnaphthyl group, 
etc. ; and the aralkyl group having from 7 to 20 carbon atoms 
includes, for example, a benzyl group, a ph en ethyl group, etc. 
R^'' and R^® may be the same or different, and may be bonded to 
each other to form a ring. 

For examples of the hydrocarbon group having from 1 to 
20 carbon atoms for X and Y, referred to are those of the Cl-20 
hydrocarbon group mentioned hereinabove for R^® and R^^. For 
X and Y, especially preferred is a methyl group. X and Y may 
be the same or different. 

The transition metal of Groups 8 to 10 of the Periodic 
Table for includes , for example, nickel, palladiiam, platiniam, 
iron, cobalt, rhodium, ruthenium, etc. Preferred are nickel 
and palladiiam. 

Specific examples of the complex compounds of formula 
(7) are compounds of the following formulae [1], [2], [3], [4], 



, [S], [7], [8], [9], [10], [11] and [12]. 



=N--, /CH3 CH; 

.:Ni ( 
=N--' \CH3 CH: 



/CH3 
;Ni ( 
N-- \CH3 



(CH3)2 CHs^^CH (CH3)2 (CHj)^ CHv^^CH (CH3)2 



aCU.h CH'^^CH (CH3)2 CGH3)2 CH^'^CH (CHj)^ 




/CHa 

,:Ni ( 



=N-- /CH: 

,:Nir 

=N- ^H 



(CHa)^ CHn^A^CH (CHa)^ (CH3)2 CHnj^CH (CHa)^ 



C3] 



C4] 



(CHa)^ CH^^CH (CH3)2 (CH3)2 CH^'^CH (CHj)! 
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N- ^H 



(CHj)^ CHnj^CH CCH3)a (CH3)2 CHn^^CH (CH,)!! 
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.:Ni; 
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(CH,)3 CH^CH (CH,). (CH3)^CH^CH CCH3) 

N--. /Br 




(CH3). CHsX^CH CCH,). (CHO. CHnX^CH (CH,) 



C9] 



CIO] 



(CHOe CH^CH (CH3)e CCH,). CH^CH CCHs) 
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B r 



CH 
CHc 




N--. /Br 

;Ni( 

N-" ^Br 



(CH3)2 CHv^CH (CH,)j (CHs)^ CHv^CH (CH,) 



[12] 



Specific examples of the transition metal compounds of 
formula (7) include dibromobistriphenylphosphine nickel, 
diohlorobistriphenylphosphine nickel, dibromodiacetonitrile 
nickel, dibromodibenzonitrile nickel, dibromo(l,2- 
bisdiphenylphosphinoethane) nickel , 

bisdiphenylphosphinopropane) nickel , 

diphenylbisphosphinoferrocene) 
dimethylbisdiphenylphosphine nickel , 

bisdiphenylphosphinoethane) nickel , 

bisdiphenylphosphinoethano) nickel tetrafluoroborate, (2- 
diphenylphosphino-l-phenylethyleneoxy) phenyl pyridine 



dibromo (1,3- 
dibromo (1 , 1 ' - 
nickel , 
dimethyl (1,2- 
methyl(l,2- 



nickel, dichlorobistriphenylphosphine palladiiim, 

dichlorodibenzonitrile palladium, dichlorodiacetoni trile 
palladium, dichloro ( 1 , 2-bisdiphenylphosphinoe thane) 

palladium , bi striphenylphosphi nopal ladi urn 

bistetrafluoroborate, bis (2,2' -bi pyridine) methyl iron 

tetrafluoroborate etherate, etc. 

Of those, preferred are cationic complexes such as 
methyl (1 , 2-bisdiphenylphosphinoethano) nickel 

tetrafluoroborate , bis triphenylphosphi nopal ladi um 

bistetrafluoroborate, and bis (2 , 2 ' -bipyridino)methyliron 
tetrafluoroborate etherate. 

In the invention, one or more of the complex compounds 
noted above may be used either singly or as combined. 
Component (b) : 

( a ) an oxygen- containing compound, and/ or ( b ) a compound 
capable of reacting with a transition metal compound to form 
an ionic complex, preferably (a) an oxygen -containing 
compound . 

In the invention, both a catalyst for copolymer izati on 
which comprises the component (B) as an essential component 
and a catalyst for copolymer izati on which does not comprise 
the component (B) . 
( a ) Oxygen -containing compound: 

Herein used are oxygen -containing compounds of a 
general formula (8) : 



R 



2 2 



R 



2 3 



R 



2 4 



R*'-(Y^-0)a -(Y^-O)b -Y*-R^'^ 



and/or those of a general formula (9) 



R 



2 8 



R 



2 7 



-(Y^- 0)c — CY^- 0)d 



(9) 



In formulae (8) and (9) , R^^ to each represent an alkyl 
group having from 1 to 8 carbon atoms, concretely including 
a methyl group, an ethyl group, an n-propyl group, an isopropyl 
group, all types of butyl groups, all types of pentyl groups, 
all types of hexyl group, all types of heptyl groups, and all 
types of octyl groups. R^^ to R^' may be the same or different; 
and R^* and R^'' may be the same or different. to each 

represent an element of Group 13 of the Periodic Table, 
concretely including B, Al, Ga, In and Tl . Of these, preferred 
are B and Al . Y^ to Y* may be the same or different; and Y* 
and Y^ may be the same or different, a to d each indicates a 
number of from 0 to 50, but (a + b) and (c + d) each must be 



at least 1. a to d each preferably falls between 1 and 20, 
more preferably between 1 and 10, even more preferably between 
1 and 5 . 

As the oxygen-containing compound for the catalyst 
component, preferred are alkylaluminoxanes . Preferred 
examples of the compound are methyl aluminoxane and 
isobutylalijminoxane . 

( b ) Compound capable of reacting with a transition metal 
compound to form an ionic complex : 

The compound capable of reacting with a transition metal 
compound to form an ionic complex includes coordination complex 
compounds that comprise an anion with plural groups bonded to 
a metal, and a cation, and Lewis acids. Known are various 
coordination complex compounds that comprise an anion with 
plural groups bonded to a metal , and a cation . For example , 
compounds of the following general formula (10) or (11) are 
preferably used in the invention. 

( [L3-H]g+)h( [m3x2x3 . . . x^](^-^)-)i (10) 
( [L4]g+)h( [m4x2x3 . . . x^^] <i^-n^) -)i (11) 
wherein L"^ indicates , r28r29m6 or R^^sC, which will be 
mentioned hereinafter; represents a Lewis base; and 
each represent a metal selected from Group 5 to Group 15 of 
the Periodic Table; represents a metal selected from Group 
1, and Group 8 to Group 12 of the Periodic Table; represents 
a metal selected from Group 8 to Group 10 of the Periodic Table; 



x2 to each represent a hydrogen atom, a dialkylamino group, 
an alkoxy group, an aryloxy group, an alkyl group having from 
1 to 20 carbon atoms, an aryl group having from 6 to 20 carbon 
atoms, an alkyl aryl group, an aryl alkyl group, a substituted 
alkyl group, an organometalloid group, or a halogen atom; R-^" 
and R^^ each represent a cyclopentadienyl group, a substituted 
cyclopentadienyl group, an indenyl group, or a fluorenyl group; 
r30 represents an alkyl group; m indicates the valency of 
or , and represents an integer of from 1 to 7 ; n represents 
an integer of from 2 to 8 ; g indicates the ion valency of L^-h 
or , and represents an integer of from 1 to 7 ; h represents 
an integer of 1 or more; and i = h x g/ (n-m) . 

Specific examples of and include atoms of B, Al , 
Si, P, As, Sb, etc. ; those of include atoms of Ag, Cu, Na , 
Li, etc.; and those of include atoms of Fe, Co, Ni , etc. 
Specific examples of Yp- to X" include a dimethyl ami no group, 
a diethyl ami no group, etc. , as a dialkylamino group; a methoxy 
group, an ethoxy group, an n-butoxy group, etc. , as an alkoxy 
group; a phenoxy group, a 2 , 6-dimethylphenoxy group, a 
naphthyloxy group, etc. , as an aryloxy group; a methyl group, 
an ethyl group, an n-propyl group, an isopropyl group, an 
n -butyl group, an n-octyl group, a 2-ethylhexyl group, etc. , 
as an alkyl group having from 1 to 20 carbon atoms; a phenyl 
group, a p-tolyl group, a benzyl group, a pentaf luorophenyl 
group, a 3 , 5-di (trifluoromethyl) phenyl group, a 4-tert- 



butylphenyl group, a 2 , e-dimethylphenyl group, a 3,5- 
dimethylphenyl group, a 2 , 4 -dimethylphenyl group, a 1,2- 
dimethylphenyl group, etc. , as an aryl group having from 6 to 
20 carbon atoms, an alkylaryl group or an arylalkyl group; F, 
CI, Br, I, as a halogen; and a pentamethylantimonyl group, a 
trimethylsilyl group, a trimethylgermyl group, a 
diphenylarsenyl group, a dicyclohexylantimonyl group, a 
diphenylboryl group, etc. , as an organometalloid group. 
Specific examples of the substituted cyclopentadienyl group 
for r28 and r2 9 include a methyl cyclopentadienyl group, a 
butyl cyclopentadienyl group, a pen tame thyl cyclopentadienyl 
group, etc. 

In the invention, concretely, the anion with plural 
groups bonded to a metal includes B(C6F5)4"/ B(C6HF4)4~, 
B(C6H2F3) 4"/ B(C6H3F2) 4"/ B(C6H4F) 4"/ B [C6 (CF3) F4 ] 4 " , 
B(C6H5)4"/ PF6", P(C6F5)6"/ Al(C6HF4)4-, etc. The cation 
includes, for example, Cp2Fe"*", (MeCp) 2Fe"*' , ( tBuCp) 2Fe'*" , 
(Me2Cp)2Fe+, (MesCp) 2Fe+ , (Me4Cp)2Fe+, (MesCp) 2Fe+ , Ag+ , Na+ , 
Li"*", etc. The other cations include, for example, those from 
nitrogen-containing compounds, such as pyridinium, 2,4- 
dinitro-N,N-diethylanilinium, di phenyl ammonium, p- 

nitroanilinium, 2 , 5-dichloroanilinium, p-nitro-N,N- 

dimethylanilinium, quinolinium, N ,N-dimethylanilinium, 
N,N-diethylanilinium, etc. ; those from carbeniiam compounds 
such as triphenylcarbenium, tri (4-methylphenyl) carbenium. 
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tri (4-methoxYphenYl) carbenium, etc.; alkylphosphoniiJin ions 
such as CH3PH3+, C2H5PH3*^, C3H7PH3+, (CH3)2PH2'^, (C2H5)2PH2^/ 
(C3H7)2PH2'^/ (CH3)3PH+, (C2H5) 3PH"*- , (C3H7)3PH-^, (CF3)3PH'*', 
(CH3)4P+, (C2H5)4P+, (C3H7)4P"'", etc.; arylphosphonium ions 
such as CeHsPHs"^/ (C6H5)2PH2^, (C6H5)3PH+, (C6H5)4P"^/ 
(C2H5)2(C6H5)PH+, (CH3) (C6H5)PH2'^, (CH3) 2 (C6H5) PH+ , 

(C2H5)2(C6H5)2P'^. etc. 

Of the compounds of formulae (10) and (11) , concretely, 
the following are especially preferred. Preferred examples 
M= of the compounds of formula (10) include tri ethyl ammonium 

Rj tetraphenylborate, tri (n -butyl) ammonium tetraphenylborate , 

yl 

=P trimethyl ammonium tetraphenylborate, tri ethyl ammonium 

^ tetrakis (pentafluorophenyl) borate, tri (n-butyl ) ammonium 

ry tetrakis (pentafluorophenyl) borate, tri ethyl ammonium 

p hexafluoroar senate, pyridinium 

tetrakis (pentafluorophenyl) borate , pyrroliniiam 
tetra (pentafluorophenyl) borate , N,N-dimethylaniliniiim 
tetraki s (pentafluorophenyl ) borate , methyldiphenylammonium 
tetrakis (pentafluorophenyl) borate, etc. Preferred examples 
of the compounds of formula (11) include ferrocenium 
tetraphenylborate, dimethyl ferrocenium 

tetrakis (pentafluorophenyl) borate, ferrocenium 
tetrakis (pentaf luorophenyl ) borate , decamethylf errocenivim 
tetrakis (pentafluorophenyl ) borate , acetyl ferrocenixjm 

tetrakis (pentaf luorophenyl ) borate , f ormylf erroceniiim 
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tetrakis (pentaf luorophenyl ) borate , cyanoferrocenium 
tetrakis (pen tafluorophenyl ) borate , silver tetraphenylborate , 
silver tetrakis (pentaf luorophenyl ) borate , trityl 

tetraphenylborate, trityl tetrakis (pentaf luorophenyl ) borate , 
silver hexaf luoroarsenate , silver hexaf luoroantimonate , 
silver tetraf luoroborate , etc. 

The Lewis acid includes, for example, B(C6F5)3^ 
B(C6HF4)3, B(H2F3)3/ B(C6H3F2)3, B(C6H4F)3/ B{Ce^5)3f BF3 , 
B[C6(CF3)F4]3, PF5 , P(C6F5)5, Al(C6HF4)3, etc. 
Component (C) ; 

This is a compound of the following general formula (1) : 
( (R^)3-X-Y)n-Z-(R^)m-n (1) 
wherein represents a hydrogen atom, a halogen atom, an 
aliphatic hydrocarbon group having from 1 to 30 carbon atoms, 
an aromatic hydrocarbon group having from 6 to 30 carbon atoms, 
an alkoxy group having from 1 to 30 carbon atoms, an aryloxy 
group having from 6 to 30 carbon atoms, a thioalkoxy group 
having from 1 to 30 carbon atoms, a thioaryloxy group having 
from 6 to 30 carbon atoms, an amino group, an amido group, or 
a carboxyl group , R^ ' s may be the same or different, and R^ ' s 
may be optionally bonded to each other to form a cyclic 
structure; X represents an element of Group 14; Y represents 
an element of Group 16; Z represents a metal element of Groups 
2 to 13; R^ represents a hydrocarbon group; m is an integer, 
indicating the valency of the metal element Z; and n is an 
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integer of from 1 to (m-1) , 

Especially preferred are the following compounds: (1) 
Xis carbon, Y is oxygen and Z is aluminium; (2) at least one 
of three ' s is an aromatic hydrocarbon group having from 6 
to 30 carbon atoms; (3) three ' s are all hydrocarbon groups 
each having at least one carbon atom; (4) three R^ ' s are all 
aromatic hydrocarbon groups each having from 6 to 30 carbon 
atoms, preferably phenyl groups; (5) R^ is an alkyl group having 
at least 2 carbon atoms. 

Concretely, more preferred those where ' s are all 
phenyl groups, X is carbon, Y is oxygen, Z is aluminivim, n = 
1, and R^ is an isobutyl group. 

The compounds for the component (C) are not specifically 
defined for their production method, so far as they have the 
structure of the formula mentioned above, but preferred are 
those produced by reacting <1> at least one selected from 
compounds of a general formula, (R^) s-C-OR^ , R^-CO-R^ or R^- 
CO-OR^, with <2> a compound of a general formula, Z<R^)m. (In 
these formulae, R^ , Z or R^ are same as described above.) 

Concretely, they are reaction products of at least one 
selected from alcohols, ethers, aldehydes, ketones, 
carboxylic acids and carboxylates , with an aluminium compound. 
Preferred are reaction products of alcohols with an aluminium 
compound. For these, preferred are the following: (1) at 
least one of three R^ • s for (R^)3 is an aromatic hydrocarbon 



group having from 6 to 30 carbon atoms; (2) three ' s for (R^) 3 
are all hydrocarbon groups each having at least one carbon atom; 
(3) three R^ ' s for (R^)3 are all aromatic hydrocarbon groups 
each having from 6 to 30 carbon atoms , preferably phenyl groups ; 
<4) is an alkyl group having at least 2 carbon atoms. 

Concretely, more preferred are those where ' s are all phenyl 
groups, and R^ is an isobutyl group. Most preferred is a 
reaction product of triphenylmethyl alcohol with 
t r i i s obu ty 1 a 1 tirni n i um . 

The reaction condition for the compound <1> and the 
compound <2> is not specifically defined, but is preferably 
as follows: They are blended in a ratio by mol , compound 
<l>/compound <2> falling between 1/0.1 and 1/10, more 
preferably between 1/0.5 and 1/2 , even more preferably between 
1/0.8 and 1/1.2. The reaction temperature falls between - 
80°C and 300°C, more preferably between -10°C and 50°C. The 
reaction time falls between 0.1 minutes and 50 hours, more 
preferably between 0.1 minutes and 3 hours. The solvent for 
the reaction is not also specifically defined, but is 
preferably the same one as that for copolymer ization to be 
effected in the presence of the catalyst. 

In place of using the compound of the above-mentioned 
general formula as the component (C) , a compound of the 
following (CI) and a compound of the following (C2) may be 
directly added to the site of catalyst production or to the 
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site of copolymerization to form the component (C) in situ. 
In this case, the catalyst components are the transition metal 
compound (A) , an oxygen-containing compound, and/or a compound 
capable of reacting with a transition metal to form an ionic 
complex (B), the compounds (Cl) and (C2), and optionally an 
alkylating agent (D) , 

(Cl) is least one selected from compounds of a general 
formula, (R^)3-C-0R\ R^-CO-R^ or R^-C0-0R\- and (C2) is a 
compound of a general formula, Z(R^)m. In these formulae, R^ 
represents a hydrogen atom, a halogen atom, an aliphatic 
hydrocarbon group having from 1 to 30 carbon atoms, an aromatic 
hydrocarbon group having from 6 to 30 carbon atoms, an alkoxy 
group having from 1 to 30 carbon atoms, an aryloxy group having 
from 6 to 30 carbon atoms, a thioalkoxy group having from 1 
to 30 carbon atoms, a thioaryloxy group having from 6 to 30 
carbon atoms, an amino group, an amido group, or a carboxyl 
group, and R^ ' s may be the same or different, and R^ may be 
optionally bonded to each other to form a cyclic structure. 
Z represents a metal element of Groups 2 to 13; m is an integer, 
indicating the valency of the metal element Z ; and R^ represents 
a hydrocarbon group. 

Concretely, (Cl) is at least one selected from alcohols , 
ethers, aldehydes, ketones, carboxyl ic acids and carboxyl a tes , 
preferably from alcohols; and (C2) is an aluminixam compound. 
For these, preferred are the following: (1) at least one of 
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three • s for (R^)3 is an aromatic hydrocarbon group having 
from 6 to 30 carbon atoms; (2) three ' s for (R^)3 are all 
hydrocarbon groups each having at least one carbon atom; (3) 
three R^ ' s for (R^)3 are all aromatic hydrocarbon groups each 
having from 6 to 30 carbon atoms, preferably phenyl groups; 
(4) R^ is an alkyl group having at least 2 carbon atoms. More 
concretely, the most preferred combination is (CI) of 
triphenylmethyl alcohol and (C2) of triisobutylaluminium . 

(D) Alkylating agent: 

The catalyst of the invention for production of 
olef in-styrene copolymers optionally contains an alkylating 
agent. Various types of alkylating agents are known and are 
usable in the invention, including, for example, alkyl 
group-having aluminiijm compounds of a general formula (12) : 

R^^^(OR^")nX3-n,-n (12) 

wherein R^^ and R^^ each represent an alkyl group having from 
1 to 8 , preferably from 1 to 4 carbon atoms ; X represents 
a hydrogen atom or a halogen atom; 0 < m < 3, but preferably 
m is 2 or 3, most preferably 3; 0 < n < 3, but preferably 
n is 0 or 1; 

alkyl group-having magnesium compounds of a general formula 
(13) : 

R3l2Mg (13) 
wherein R^l has the same meaning as above; and 
alkyl group-having zinc compounds of a general formula (14) : 



R3l2Zn (14) 
wherein R^^ has the same meaning as above. 

Of these alkyl group-having compounds , preferred are 
alkyl group-having aluminium compounds ; and more preferred are 
tri alkyl aluminium compound and dialkylaluminium compounds. 
Concretely, they include tri alkyl aluminiums such as 
trimethylaluminium, triethylaliaminium, tri-n- 

propyl aluminium, triisopropylaluminium, tri-n- 

butylalumini\jm, tri isobutyl aluminium, tri-t-butylaluminimn, 
etc. ; dialkylaluminium halides such as dime thy laliaminium 
chloride, diethylaluminium chloride, di-n -propyl aliominium 
chloride, diisopropylaluminium chloride , di-n -butyl aluminium 
chloride, diisobutylalxominium chloride, di- t-butylalxominixom 
chloride, etc.; dialkylaluminium alkoxides such as 
dimethyl aluminium methoxide; dimethylalijminium ethoxide, 
etc.; dialkylaluminiiim hydrides such as dimethyl aluminium 
hydride, diethylaluminivim hydride, diisobutylaluminivim 
hydride, etc. Further mentioned are dialkylmagnesiums such 
as dime thylmagne slum, diethylmagnesium, di-n-propylmagnesium, 
di i s op ropyl magnesium, etc. ; dialkylzincs such as dimethyl zinc, 
diethylzinc, di-n-propylethylzinc, diisopropylzinc , etc. 

2. Method for producing catalyst: 
(1) Order of contacting constituent components: 
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To produce the catalyst of the invention, the order of 
contacting the constituent components with each other is not 
specifically defined. For example, the components may be 
contacted with each other in the following manner. 

(i) For producing the catalyst comprising the 
component (A) , the component (B) and the component (C) , for 
example, employable is <1> a method of first contacting the 
component (A) with the component (B) , followed by further 
contacting it with the component (C) ; <2> a method of first 
contacting the component (A) with the component (C) followed 
by further contacting it with the component (B) ; <3> a method 
of first contacting the component (B) with the component (C) 
followed by further contacting it with the component (A) ; or 
<4> a method of contacting the three components all together. 

When the catalyst contains the optional component (D) , 
the order of contacting the component (D) with the other 
components is not specifically defined. For example, in the 
process of producing the catalyst, the component (A) may be 
contacted with the component (D) ; or the component (B) may be 
contacted with the component (D) ; or the component (C) may be 
contacted with the component (D) . As the case may be, the 
components (A) , (B) and (D) are first contacted all together 
with each other and then with the component (C) . 

(ii) For producing the catalyst comprising the component 
(A) , the component (B) , the component (CI) and the component 



(C2) , the order of contacting these components with each other 
is not also specifically defined, like in the case (i) . 
Preferably, however, the component (CI) and the component (C2) 
are first contacted with each other prior to being contacted 
with the other components. The same as in the case (i) shall 
apply also to the case (ii) of producing the catalyst containing 
the optional component (D) . 

(iii) In the case of which does not use the component (B) , 
the order of contacting these components with each other is 
the same as mentioned above . 
(2) Blend ratio of constituent components: 

(i) In the case of using the component (B) : 

<1> Regarding the ratio by mol of the component (A) to 
the component (B) , referred to is a case where an 
organoaluminium compound is used as the oxygen-containing 
compound of the component (B) . In that case, the molar ratio 
of the component (A) to the component (B) may fall between 1/1 
and 1/10,000, but preferably between 1/10 and 1/1 , 000 , in terms 
of the molar ratio to the aluminium atom in (B) . Referred to 
is a case where a boron compound is used as a compound capable 
of reacting with a transition metal compound to form an ionic 
complex of the component (B) . In that case, the molar ratio 
of the component (A) to the component (B) may fall between 1/0.5 
and 1/10, but preferably between 1/0.8 and 1/5, in terms of 
the molar ratio to the boron atom in (B) . 
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(ii) In the both cases of using the component (B) and not 
using the component (B) : 

<1> Regarding the ratio by mol of the component (A) to the 
component (C) , referred to is a case where an aluminium compound 
is used as the component (C) . In that case, the molar ratio 
of the component (A) to the component (C) may fall between 1/0.5 
and 1/1 ,000, but more preferably between 1/1 and 1/100 , in terms 
of the molar ratio to the aluminium atom in (C) . Regarding 
the ratio by mol of the component <A) to the component (D) , 
referred to is a case where an aliaminium compound is used as 
the component (D) . In that case, the molar ratio of the 
component (A) to the component (D) may fall between 1/0.5 and 
1/1,000, but preferably between 1/1 and 1/100, in terms of the 
molar ratio to the aluminium atom in (D) . 

<2> Where the catalyst contains a combination of the component 
(CI) and the component (C2) , but not the component (C) , the 
molar ratio of (CI) to (C2) may fall between 1/0.1 and 1/10, 
precisely between 1/0.5 and 1/2, but more preferably between 
1/0.8 and 1/1.2. 

Regarding the ratio by mol of the component (A) to the 
component (C2) , referred to is a case where an aluminium 
compound is used as the component (C2) . In that case, the molar 
ratio of the component (A) to the component (C2) may fall 
between 1/0.5 and 1/1, 000, but preferably between 1/1 and 1/100, 
in terms of the molar ratio to the aluminium atom in (C2) . 
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Regarding the blend ratio of the component (D) , the same as 
in the case <1> shall apply also to the case <2>. 
(3) Condition for contacting constituent components: 

To produce the catalyst, the constituent components may 
be contacted with each other in an inert atmosphere of nitrogen 
or the like, at a temperature not higher than the temperature 
at which the catalyst is used for copolymerization . As the 
case may be, they may be contacted with each other at a 
temperature falling between -30 and 200°C. 

II. Method for producing clef in-styrene copolymers: 
1. Monomers to be polymerized: 

In the method of the invention for producing 
olef in-styrene copolymers, used is the above-mentioned 
catalyst for copolymerization of olefins and styrenes.. 

Olefin for the method are not specifically defined, but 
preferred are a-olefins having from 2 to 20 carbon atoms. 
Especially preferred are ethylene and propylene. 

They include a-olefins such as ethylene, propylene, 
1-butene, 3 -me thy 1 - 1 -bu tene , 4 -me thy 1 - 1 -bu ten e , 4 -phe ny 1 - 
1-butene, 1-pentene, 3-methyl-l-pentene , 4 -methyl -1 -pen tene , 
3 , 3-dimethyl- 1-pentene , 3,4 -dimethyl -1-pentene , 4,4- 

dimethyl -1 -pen tene , 1-hexene, 4 -methyl -1-hexene , 5 -methyl - 
1-hexene, 6 -phenyl - 1 -hexene , 1-octene, 1-decene, 1-dodecene, 
1-tetradecene, 1-hexadecene , 1 -octadecene , 1-eicosene, 
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vinyl cyclohexane, etc. ; halogen-substi tuted a-olef ins such as 
hexaf luoropropene, tetraf luoroethylene , 2-f luoropropene , 
f luoroethylene , 1 , 1-dif luoroethylene , 3-f luoropropene , 
trif luoroethylene , 3 , 4 -dichloro-l-butene , etc.; and cyclic 
olefins such as cyclbpentene , cyclohexene, norbornene, 5- 
methylnorbornene , 5-ethylnorbornene , 5 -propyl norbornene , 
5 , 6-dimethylnorbornene, 5-benzylnorbornene , etc. 

Styrenes for the method are not specifically defined, 
but preferred are styrene , alkylstyrenes , and divinylbenzene . 
Especially preferred are styrene, a-methylstyrene , p-- 
methylstyrene and divinylbenzene. 

They include styrene; alkylstyrenes such as p- 
me thy 1 styrene, p-ethylstyrene , p-prorylstyrene , p- 
isopropylstyrene , p-buthylstyrene , p-tert-buthlstyrene , p- 
phenyl styrene, o-methylstyrene , o -ethyl s tyrene , o- 
prorylstyrene , o- isopropy Is tyrene , m-me thy Is tyrene , m- 
ethyl styrene, m-i s opropy Is tyrene , m-bu thy Is tyrene , 

mesityl styrene, 2 , 4 -dime thy Is tyrene , 2 , 5-dimethylstyrene , 
3, 5 -dime thy Is tyrene etc.; alkoxystyrene such as p- 
me thoxys tyrene , o -me thoxys tyrene , m-methoxy styrene etc.; 
halogen-substituted styrene such as p-chloros tyrene , m- 
chloros tyrene, o-chloros tyrene , p-bromos tyrene , m- 
bromos tyrene , o -bromos tyrene , p-f luorostyrene , m- 
fluoros tyrene, o-f luorostyrene , o-methyl -p-f luorostyrene 
etc.; trimethylsylyl styrene, vinylbenzoate esters. 
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divinylbenzene etc. 

In the invention, one or more olefins or styrenes such 
as those mentioned above may be copolymer i zed in any desired 
combination . 

2. Copolymerization condition: 

The method for polymerizing olefins and styrenes is not 
specifically defined and may be any ordinary one including, 
for example, slurry copolymerization, solution 

copolymerization, vapor-phase copolymerization, bulk 
copolymerization, suspension copolymerization, etc. In the 
method, the order of contacting the catalyst components with 
monomers is not also specifically defined. One embodiment 
comprises contacting the catalyst components with each other 
to prepare a catalyst in advance in the manner mentioned above, 
followed by applying monomers to the catalyst batch. Another 
comprises putting the catalyst components and monomers into 
a copolymerization reactor in any desired order. Preferably, 
the components except the component (C) or except the 
components (CI) and (C2) , or that is, the components (A) , (B) 
and (D) are blended in a reactor, while, on the other hand, 
monomers are blended with the component (C) or with the 
components (CI) and (C2) in a different reactor, and the two 
blends in different reactors are mixed just before the start 
of copolymerization of the monomers . Having been thus blended, 
the monomers begin to polymerize in the presence of the catalyst 



formed in situ. 

For the copolymerization , a solvent may be used. The 
solvent includes hydrocarbons and halogenohydrocarbons such 
as benzene, toluene, xylene, n-hexane, n-heptane, cyclohexane, 
methylene chloride, chloroform, 1 , 2-dichloroethane, 
chlorobenzene, etc. One or more of these compounds maybe used 
either singly or as combined for the solvent. Depending on 
their type, the monomers to be polymerized could serve as a 
copolymerization solvent. 

The amount of the catalyst to be used for the 
copolymerization is preferably so controlled that the 
component (A) may fall generally between 0.1 and 100 |imols, 
but preferably between 0.5 and 25 pjnols, in one liter of the 
solvent, in view of the copolymerization activity and the 
reactor efficiency. 

Regarding the copolymerization condition, the pressure 
may fall generally between normal pressure and 2000 kg/cm^G 
(196 MPaG) . The reaction temperature may fall generally 
between -50 and 250°C. For controlling the molecular weight 
of the polymer to be produced, the type and the amount of the 
catalyst components to be used and the copolymerization 
temperature shall be suitably controlled, or hydrogen may be 
introduced into the copolymerization system. 
3 .Olef in-sterene copolymer 

The olef in-sterene copolymer by the copolymerization of 
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olefins and styrenes using above mentioned catalyst includes 
polystyrene, poly (subs titu teds tyrenes) , poly (vinylbenzoate 
esters) and the mixture of them, or a copolymer comprising them 
as a main component. 

Poly (subs titu teds tyrenes) include poly (hydrocarbon 

subs titu teds tyrenes) such as poly (methyl styrene) , 

poly (ethyl sty rene) , poly (isopropyl styrene) , poly(tert- 
butyl styrene) , poly (phenyl sty rene) , poly (vinyl styrene) etc; 

■.h poly(hologen subs titu teds tyrenes) such as 

S 

y& poly (chlorostyrene) , poly (bromosty rene) , 

fU poly (f luorostyrene) etc; poly (alkoxys tyrenes) such as 

yi 

4= poly(methoxystyrene) , poly (e thoxy styrene) etc. Preferable 

p olef in-sterenic copolymers are polystyrene, poly(p- 

P 

lU methyl styrene) , poly (m-methyl styrene) , poly(p-tert 

± 

P butylstyrene) , poly (p-chlorostyrene) , poly (m-chlorostyrene) , 

poly (p-f luorostyrene) , a copolymer of styrene and p-tert- 
bu thy 1 styrene, and a copolymer of styrene and divinylbenzene . 



The invention is described in more detail with reference 
to the following Examples, which, however, are not intended 
to restrict the scope of the invention. 
[Example 1] 

(1) Preparation of component (C) : 

0 . 875 ml of 2 M triisobutyl aluminium was added to a toluene 
solution of 455 mg (1.75 mmols) of triphenylmethanol at -78°C, 
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and stirred at room temperature for 24 hours. The 
concentration of the component (C) thus formed was 0 . 1 
mols/liter . 

Through ^H-NMR, the product was confirmed to have the 
component (C) formed therein. 
(2) Preparation of copolynier: 

180 ml of toluene, 200 ml of styrene, 1 . 0 ml of a toluene 
solution of 1.0 M triisobutylaluminiTom, 3.5 ml of a toluene 
solution of 1.4 3 M methylalminoxane , and 5 ml of the component 
(C) prepared in the step (1) were put into a 1 . 6-liter autoclave 
equipped with a catalyst feeder tube, in that order, and heated 
up to 50°C. Next, ethylene was introduced into the autoclave 
to have a pressure of 0.294 MPaG (3 kg/cm^G) . Next, 10.0 |amol 
of ( t-butylamido) dimethyl ( tetramethyl-TiS- 

cyclopentadienyl ) silane-ti tanium dichloride dissolved in 20 
ml of toluene was put into the autoclave via the catalyst feeder 
tube. Ethylene was continuously introduced into the autoclave 
so as to have all the time the constant pressure of 3 . 0 kg/cm^G 
(0.294 MpaG) , and polymerized for 15 minutes. Next, methanol 
was added to this to stop the copolymerization . A large amount 
of methanol was added to this, and the polymer formed was 
separated through filtration, and then dried at 60°C under 
reduced pressure for 4 hours. Thus obtained, the 
ethyl ene-styrene copolymer weighed 47.2 g. As measured 
through GPC-FT/IR, its weight-average molecular weight was 
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190,000 in terms of polystyrene, and its molecular weight 
distribution was 2.4. As measured through ^H-NMR, the styrene 
content of the copolymer was 39 mol% . As measured through 
^^C-NMR, the structure of random copolymer was identified. 

[Comparative Example 1] 

The same process as in Example 1 was repeated, except 
that the component (C) prepared in the step of Example 1 (1) 
was not added to the copolymer ization system in the step of 
Example 1 (2) . As a result, herein obtained was 30.9 g of 
ethylene-styrene copolymer. As measured through GPC-FT/IR, 
its weight-average molecular weight was 200,000 in terms of 
polystyrene, and its molecular weight distribution was 2.6. 
As measured through ^H-NMR, the styrene content of the copolymer 
was 37 mol%. As measured through ^^C-NMR, the structure of 
randomcopolymer was identified. 

[Example 2] 

170 ml of toluene, 200 ml of styrene, 1 . 0 ml of a toluene 
solution of 1.0 M triisobutyl aluminium, and 5.0 ml of a 
ethylbenzene solution of 0 . 1 M diisobutyl-aluminiiimtriphenyl 
methoxide were put into a 1.6-liter autoclave equipped with 
a catalyst feeder tube, in that order, and heated up to 50°C . 
Next, ethylene was introduced into the autoclave to have a 
pressure of 0.294 MPaG (3 kg/cm^G) . Next, a soliution where 
10.0 jimol of octahydrofluorenyl- titanium trimethoxide and 10 
mmol of methyl aluminoxane dissolved in 25 ml of toluene was 
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put into the autoclave via the catalyst feeder tube. Ethylene 
was continuously introduced into the autoclave so as to have 
all the time the constant pressure of 3 . 0 kg/cm^G (0.294 MpaG) , 
and copolymerized for 1 hour. Next, methanol was added to this 
to stop the copolymerization . A large amount of methanol was 
added to this, and the polymer formed was separated through 
filtration, and then dried at eO'^C under reduced pressure for 
4 hours. Thus obtained, the ethylene-styrene copolymer 
weighed 16.2 g. As measured through ^H-NMR, the styrene 
content of the copolymer was 99 mol%. As measured through 
^^C-NMR, the structure of randomcopolymer was identified. 

[Comparative Example 2] 

175 ml of toluene, 200 ml of styrene, 1 . 0 ml of a toluene 
solution of 1.0 M triisobutyl aluminium were put into a 
1.6-liter autoclave equipped with a catalyst feeder tube, in 
that order, and heated up to 50°C. Next, ethylene was 
introduced into the autoclave to have a pressure of 0.294 MPaG 

(3 kg/cm^G) . Next, a soliution where 10.0 |jjnol of 
octahydrofluorenyl- titanium trimethoxide and 10 mmol of 
methylaliiminoxane dissolved in 25 ml of toluene was put into 
the autoclave via the catalyst feeder tube. Ethylene was 
continuously introduced into the autoclave so as to have all 
the time the constant pressure of 3.0 kg/cm^G (0.294 MpaG), 
and copolymerized for 1 hour. Next, methanol was added to this 
to stop the copolymerization. A large amount of methanol was 



added to this, and the polymer formed was separated through 
filtration, and then dried at 60*^C under reduced pressure for 
4 hours. Thus obtained, the ethylene-styrene copolymer 
weighed 6.7 g. As measured through ^H-NMR, the styrene content 
of the copolymer was 99 mol%. 
[Example 3] 

165 ml of toluene, 200 ml of styrene, 1 . 0 ml of a toluene 
solution of 1.0 M triisobutylaluminium, and 5.0 ml of a 
ethylbenzene solution of 0 . 1 M diisobutyl- aluminium triphenyl 
methoxide were put into a 1.6-liter autoclave equipped with 
a catalyst feeder tube, in that order, and heated up to 50°C. 
Next, ethylene was introduced into the autoclave to have a 
pressure of 0.2 94 MPaG (3 kg/cm^G) . Next, a soliution where 
10.0 [xmol of N ,N-dimethyl ami no-ethyl tetrame thy 1 

cyclopentadienyl -titanium di chloride and 10 mmol of 
methyl aluminoxane dissolved in 25 ml of toluene was put into 
the autoclave via the catalyst feeder tube. Ethylene was 
continuously introduced into the autoclave so as to have all 
the time the constant pressure of 3 . 0 kg/cm^G (0.294 MpaG) , 
and copolymer i zed for 1 hour. Next, methanol was added to this 
to stop the copolymer! zation . A large amount of methanol was 
added to this, and the polymer formed was separated through 
filtration, and then dried at 60°C under reduced pressure for 
4 hours. Thus obtained, the ethylene-styrene copolymer 
weighed 4.6 g . 
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[Comparative Example 3] 

175 ml of toluene, 200 ml of styrene, 1 . 0 ml of a toluene 
solution of 1.0 M triisobutylaluminium were put into a 
1.6-liter autoclave equipped with a catalyst feeder tube, in 
that order, and heated up to 50°C. Next, ethylene was 
introduced into the autoclave to have a pressure of 0.294 MPaG 
(3 Jcg/cm^G) . Next, a soliution where 10.0 ^unol of N,N- 
dime thy 1 ami no -e thy 1 te t r ame thy 1 cy cl open t adi enyl - 1 i t ani um 
dichloride and 10 mmol of methylaluminoxane dissolved in 25 
U nil of toluene was put into the autoclave via the catalyst feeder 
f|i tube . Ethylene was continuously introduced into the autoclave 

m 

i so as to have all the time the constant pressure of 3 . 0 kg/cm^G 

ri (0.294 MpaG) , and copolymerized for 1 hour. Next, methanol was 

fU added to this to stop the copolymerization . A large amount 

S of methanol was added to this, and the polymer formed was 

separated through filtration, and then dried at 60°C under 
reduced pressure for 4 hours. Thus obtained, the 

ethylene-styrene copolymer weighed 1.7 g. 

iNDUSTRXAi, APFhJ,QP>Bihxi:y: 

Using catalysts of the invention, olef in-styrene 
copolymers can be produced efficiently and inexpensively. 
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